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Abstract 
An Evaluative Study of Teacher Creativity, use of the Heuristic 
Diagnostic Teaching Process and Student Mathematics Performance 
Louise A. Whitelaw 
Fredricka K. Reisman, Supervisor, Ph.D. 
 
 
In classroom settings, teachers often do not identify creative children, which may 
in turn prevent them from fostering students creative strengths (Dawson, 1997; Reisman 
& Bach, 2002). Student creative strengths, such as elaboration, originality, fluency, 
flexibility, and resistance to premature closure (Torrance, 1962) are problem-solving 
skills that can be used in mathematics. This study explored additional factors that may 
affect mathematics learning such as teachers use of Heuristic Diagnostic Teaching 
principles. Student mathematics scores, though slowly rising in the School District of 
Philadelphia, are still dramatically low (School District of Philadelphia, 2006). With the 
purpose of addressing these issues, this exploratory study examined the relationship 
between teachers who use Heuristic Diagnostic Teaching (HDT) principles in their 
teaching and their ability to identify student creativity characteristics, the generic 
influences on learning, as well as their students mathematics performance. Additionally, 
the study focused on the relationship between the teachers own creativity shown by 
drawings and their ability to identify student creativity characteristics. 
Teachers from three Philadelphia schools (Central, Northwest and West regions) 
participated in this study. There was a significant relationship between the teachers who 
self-reported using the HDT principles and those who identified students generic 
influences on learning such as cognitive, social, and emotional learning influences. 
ix 
However, there was not a significant relationship between the same teachers who self-
reported using HDT principles and their ability to identify students creativity 
characteristics. Accordingly, the relationship between teachers figural creativity, as 
measured by the Torrance Tests of Creative Thinking (TTCT figural), and their 
identification of creative characteristics as measured by the Teacher Self-Report was not 
a significant factor when identifying student creativity characteristics. Findings in this 
study seem to indicate that teachers need professional development in identifying creative 
characteristics of their students. Further, the relationship with students mathematics 
content and teachers use of HDT principles was examined for ten teachers. A positive 
relationship was discovered for teachers who used HDT principles and their students 
mathematics content knowledge. Students content was measured by TerraNova and 
PSSA class-test data.  
x 
 Chapter 1. INTRODUCTION 
1.1 Overview and Purpose 
 Creativity, divergent thinking and innovation are becoming more important components 
in today's school curricula and have become valued skills that have found their way into 
many corporate cultures and job environments (Miller, 1997). Therefore, it is important that 
students creative strengths are identified and fostered in classroom settings. However, 
teachers do not always identify creative children in a classroom context (Dawson, 1997; 
Reisman & Bach, 2002). Research shows that teachers often predict verbal creativity marked 
by a certain set of characteristics such as being social and expressing many ideas, while 
overlooking creativity expressed in drawings, which is described as figural (Dawson, 1997). 
Reisman and Bachs (2002) findings support the need for recognizing figural creativity 
especially in low-income minority students. Therefore, emphasis was placed on figural 
creativity because hidden strengths emerged in studies with similar populations. This study 
examined the relationship between teachers' own figural creativity and their ability to 
identify students creativity characteristics.  
 Identifying students’ individual characteristics, such as the creative characteristics, is 
important for teachers who want to foster student growth, and is a tenet of the Heuristic 
Diagnostic Teaching process. The Heuristic Diagnostic Teaching Process is a pedagogy that 
focuses on identifying students' strengths and circumventing weaknesses, observing learner 
characteristics, analyzing content errors, and designing instructional strategies based upon 
these observations (Reisman, 1978).  Also examined in this study, was the relationship 
between teachers who reported using HDT principles and their ability to identify the generic 
influences on learning, such as cognitive, social, emotional, physical, sensory, and 
psychomotor influences.  The relationship between teachers who reported using HDT 
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principles also was examined with their ability to identify students’ creativity characteristics 
and their class-wide students’ mathematics performance. Each step of this process prompts 
questions for the next step and often lends support to prior findings. The Heuristic Diagnostic 
Teaching process is an interactive creative problem-solving framework that involves ongoing 
evaluation by the teacher to help learners achieve individual academic student goals as set by 
the teacher (Reisman, 1978). It also encourages students to self-diagnose" (Reisman, 1993). 
The Heuristic Diagnostic Teaching process was specifically applied to mathematics in this 
study (questions on Teacher Self-Report pertaining to HDT were designed around 
mathematics teaching and teacher content knowledge). 
 Teachers who participated in this study completed a self-report to measure their use of 
HDT principles, their ability to identify the generic influences on learning, and the creativity 
characteristics of students. Further, teacher figural creativity assessments provided 
information about the relationship between figural creative strengths in teachers and the 
creative characteristics that they identify in students. Because the teachers in this study are 
not formally trained in the HDT process, the items on the self-report tap their intuitive use of 
HDT principles. Teachers were asked to self-report whether they used a variety of HDT 
principles. For example, I know a lot about my students learning strengths. This is step 
three of the HDT process, when the teacher investigates possible reasons for students 
mathematics strengths and weaknesses. In addition, teachers also self-reported on their 
ability to identify students creativity characteristics and the generic influences on learning 
such as, recognizing salient aspects of a situation (Reisman, 1978, p.11). It is acknowledged 
that some items may be common to other current teaching models. For example, this 
strategy, coaching students one-on-one is common to HDT as well as best practices in 
general (Zemelman, Daniels, & Hyde, 1998).   
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 The generic influences and the creative characteristics comprise observable traits that a 
student may display and can be incorporated into instruction (Reisman, 1978; Solomon, 
1999). Certain observable characteristics that relate to a student's creativity include whether 
the student elaborates, generates many ideas, or demonstrates divergent thinking (Martindale, 
2000). Although there are themes in the literature that indicate which characteristics typically 
indicate creativity, to date, research has shown that teachers do not identify creative students 
due to a lack of knowledge about the creative characteristics (Dawson, 1997). 
 Another feature of the self-report was a section on teachers mathematics coursework 
history to provide an indication of teachers content backgrounds. Teachers content 
knowledge is an important factor in heuristic diagnostic teaching. Teachers indicated on the 
self-report the level of mathematics coursework completed to date as an indication of their 
mathematics content exposure. Studies have linked teachers content knowledge to their 
flexibility when presenting mathematics concepts, as well as to student understanding of 
mathematical concepts (Reisman, 1993; Tirosh, 2000; VanDooren, Verschaffel, & Onghena, 
2002).  Many teachers in this study reported that they do not have a breadth of knowledge 
and understanding of the mathematics content that they teach. 
 
1.2 Instrumentation 
 The instruments that were selected as measures in this project directly support the 
research questions and purpose of this study.  
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Table 1.1: Assessment Instruments 
       
Instrument Measures 
Teacher Self-Report -Teachers who use HDT principles 
-Teachers identification of students generic 
influences on learning 
-Teachers identification of students 
creative characteristics 
Torrance Tests of Creativity (TTCT) 
Figural Form 
Teachers figural creativity 
TerraNova Test                                       
(Mean Normal Curve Equivalent) 
Students mathematics content knowledge 
(Class-wide) 
  
As shown in Table 1.1 (Assessment Instruments), the self-report measured the 
teachers use of diagnostic teaching principles, recognition of the generic influences on 
learning, and teachers identification of students creative characteristics. The self-report also 
asked for demographic data regarding teachers mathematics coursework taken to date, 
provides baseline background on their mathematics content learning and certification status. 
The Torrance Tests of Creativity measured teachers own Figural Creativity, which was used 
to investigate the relationship between their own creativity and their ability to identify 
students creative characteristics. The TerraNova test measured class-wide student 
mathematics content knowledge. 
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1.3 Definition of Terms 
The following are the definitions of terms that have been used for the purpose of this 
study: 
 
Creativity: The ability to produce work that is novel and useful. (Lubart, 2000, p.339). 
Creative Problem Solving: Creativity used to solve specific problems (Torrance, 1994,  
p.112). Producing new responses to new situations, which also may be 
unique outcomes (Guilford, 1977).  The HDT process is considered a creative problem 
solving technique: identify problem, brainstorm possible solutions, select criteria for 
judging solutions, try a solution, and solve the problem (Reisman et al, 2002, p.19, 
Treffinger, D. Isaksen, S., & Dorval, K.,1994).   
Elaboration:  Adding details to improve upon ideas (Torrance, 1962). 
Flexibility: Producing a variety of different ideas (Torrance, 1962). 
Fluency: Producing a large number of ideas (Torrance, 1962). 
Generic Influences on Learning (generic influences): Core factors that influence learning. 
They are observable characteristics that manifest in a variety of learning situations and 
include: cognitive, psychomotor, physical, sensory, social, emotional (Reisman & 
Kauffman, 1980; Reisman & Payne, 1987). 
Heuristic Diagnostic Teaching (HDT): A pedagogy that investigates characteristics, gaps in 
content, and designing instruction to accommodate learner and the content to be learned 
(Reisman, 1978, p.6). 
Originality:  Producing statistically new, unusual, and innovative ideas (Torrance, 1962). 
Resistance to Premature Closure: Openness, deferred judgment (Torrance, 1979) 
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1.4 Research Questions Rationale 
 Teachers’ identification of students’ creative characteristics was an issue examined in 
this study. Based on studies about how students and teachers with similar learning styles 
work well together, and the researcher’s first-hand experience of honing in on students with 
similar creative strengths, teachers’ figural creativity was examined as a factor in their 
identification of students’ creativity (Felder & Brent, 2005). Additionally, figural creativity 
has also been shown to be a hidden strength among students in a similar demographic 
(Reisman & Bach, 2002). It was expected that a teacher with creative strengths would better 
be able to identify students’ creative characteristics.  Two factors that were investigated were 
teachers’ self-reported perceptions of using principles of heuristic diagnostic teaching and 
their own figural creativity as measured by the TTCT-Figural. HDT is a process that 
encourages teachers to investigate students’ individual characteristics that may affect their 
mathematics learning such as, the generic influences on learning and creativity 
characteristics.  
 In this exploratory study, the researcher supposed that there would be a relationship 
between teachers who self-reported using HDT principles and their identification of students 
generic influences on learning as generic influences are an integral part of the HDT 
approach. Another supposition was that there would be a relationship between teachers who 
self-reported using HDT principles and their identification of students creative 
characteristics. This is because the strategies used in HDT are integral to identifying 
individual characteristics in students, including those that affect mathematics learning.  
Further, it was expected that teachers who self-reported using HDT principles would have 
higher class-wide mathematics scores. This is evidenced by the comprehensive nature of the 
approach and past success of students who were instructed with this approach, both anecdotal 
7 
 
 
and empirical (as implemented in the Drexel Diagnostic Mathematics and Science Learning 
Lab) where 92% of parents whose children were instructed using the HDT approach felt that 
their child’s mathematics achievement improved as a result, 33% felt that their child’s 
mathematics achievement significantly improved (Annual Report, 2000). Further, according 
to anecdotal evidence, the HDT process has been able to support students in grades 3-12 in 
their mathematics development. One parent emphasized how essential the process was to her 
son’s progress in the public school system. His standardized mathematics scores improved 
and his overall achievement improved in geometry, which was initially his weakest area. 
Another commented on how this process helped her son fulfill his potential and improve in 
mathematics and apply himself.  
 Following are the research questions that serve as the framework for this study. 
 
1.4a Research Questions 
 
1. Is there a relationship between teachers using HDT principles in their teaching and 
identifying student generic influences on learning? 
 
2. Is there a relationship between teachers using HDT principles in their teaching and 
identifying student creative characteristics? 
 
3. Is there a relationship between teachers using HDT principles and their students' 
mathematics performance on a standardized mathematics assessment? 
 
4. Is there a relationship between teacher figural creativity on the TTCT and their ability 
to identify student creative characteristics? 
8 
 
 
 
1.5 Significance of the Study 
The Heuristic Diagnostic Teaching pedagogy is a multi-step approach whereby 
teachers identify strengths and weaknesses in a student's mathematics ability. In a school 
setting, the Heuristic Diagnostic Teaching process seeks to treat the students in a class as 
individuals with individual needs, not as a group with similar needs (Solomon, 1999). This 
process also focuses on learners characteristics that influence success. The HDT process was 
used in this project because it employs a variety of principles and, as teachers are looking at 
the whole child, it emphasizes that no child is overlooked. This has particular significance 
given the national No Child Left Behind (NCLB) legislation that seeks to improve students 
mathematics achievement through proven methods and knowledgeable teachers (U.S. 
Department of Education, 2004).  
The Teacher Self-Report was the measure used to assess teachers perceptions of 
using the HDT process and whether they identified students generic influences on learning 
and creative characteristics in a classroom setting. This measure can be used as a diagnostic 
tool for principals to assess teachers to determine professional development needs and as an 
inventory for hiring. Supervisors also can use the Teacher Self-Report as a diagnostic 
mentoring tool. 
 This study investigated teachers’ perceptions of using the HDT process and whether they 
identify students’ generic influences on learning in a classroom setting as well as creative 
characteristics. Many times, the creative child is not the one that has been identified as 
creative, but rather the one that has been identified as defiant, thus marked a behavior 
problem by the teacher (Dawson, 1997.) This has created a need for a closer look at the 
teachers’ identification of the creative abilities in students to stem the critical student dropout 
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rate. So that teachers may foster creative strengths in a classroom setting, in particular as the 
creative strengths have become important in many of today’s curricula and mathematics 
learning, an assessment of their knowledge and expertise in this area is important (Miller, 
1997).   
 
1.6 Limitations 
    
i) The Torrance Tests of Creative Thinking was used exclusively to determine teachers' 
creative strengths (Torrance, 1962). Although this assessment is widely used in  
education, there are some prominent creativity theorists who support measures other than  
divergent thinking tests, but focus on the creative product (Plucker & Renzulli, 2000).  
 
ii) A standardized measure of student creativity was not used. 
 
iii) The self-report, another widely used measure, is subject to mixed perceptions. The self-
report is typically a reliable instrument when measuring circumstances related to personality. 
(Moskowitz, 1999). The weaknesses of the self-report measure can include subject 
forgetfulness, exaggeration or embarrassment when responding. 
 
 
 
1.7 Delimitations 
 
 The scope of participants in this project was restricted to teachers and  
students from three schools. 
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1.8 Chapter Summary 
 
 The objective of this study was to evaluate the relationship between teachers self-report 
dealing with principles of HDT, recognition of students generic influences on learning, 
students creative characteristics, and students mathematics performance. This study also 
examined whether teachers' own figural creativity is a factor when they identify students 
creative characteristics. The study’s exploration gathered data on teacher creativity in the 
figural domain, while tying these results to the teachers’ ability to identify creative 
characteristics to their students. Emphasis was placed on figural creativity because hidden 
strengths emerged in studies with similar populations.  
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Chapter 2. THE LITERATURE REVIEW 
 
2.1 Heuristic Diagnostic Teaching 
 
  Heuristic Diagnostic Teaching (HDT) involves looking at the performance level of a 
learner, and then understanding all of the factors that potentially contribute to that 
performance level (Reisman, 1978). It then involves selection of appropriate pedagogy to 
bridge the two by addressing any significant factors such as the generic influences on 
learning (social and emotional, cognitive, physical and sensory, psychomotor factors), socio-
economic status, as well as cultural, and family background (Reisman, 1978). Family 
background, ethnicity, family composition, and socioeconomic status can strongly affect 
school outcomes (Coleman, 1988). In order to draw out student strengths and circumvent 
weaknesses, particularly in mathematics, there are five processes that may be used that are 
referred to as the Heuristic Diagnostic Teaching process  (Reisman, 1978). They are as 
follows: 
 
1. Identify Strengths and Weaknesses  
2. Hypothesize Reasons for Strengths and Weaknesses 
3. Formulate Behavioral Objectives 
4. Instruction 
5. Employ Ongoing Evaluation (Reisman, 1978, p.7) 
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 When a teacher identifies students’ generic influences on learning as well as gaps in 
mathematics content knowledge, he or she is working on step one of the HDT process. Once 
the strengths and weaknesses are identified, a teacher can consider possible reasons for the 
strengths and weaknesses and design the appropriate instructional strategies. A final step in 
the HDT process is to ‘Employ Ongoing Evaluation’ which signals to a teacher that mastery 
has been reached or that reteaching is needed. 
 
2.2 Generic Influences 
 
 The HDT process is unique in that understanding mathematical strengths and weaknesses 
is based not only on assessment, but also through direct observation of the generic influences 
on learning.  According to Reisman (1987), generic influences are core factors that 
influences learning. Therefore, the generic influences on learning are an integral part of the 
HDT process. There are four major categories: cognitive, psychomotor, physical and sensory, 
and social and emotional (Reisman & Payne, 1987). The generic influences (see Appendix B 
for comprehensive list) provide a framework for teacher observation of student behavior in 
school tasks (Reisman, 1987). For example, the generic influences allow teachers to evaluate 
a student objectively by observing him or her in social or cognitive situations. These factors 
may be affecting mathematics performance.  
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2.2a Generic Influences: Cognitive 
  There are many ways that the generic influences may have an affect on mathematics 
learning. Cognitive issues can present difficulties in mathematics learning. One example of a 
cognitive generic influence on learning is the “ability to recognize salient aspects of a 
situation” (Reisman & Kauffman, 1980, p.11). This means that one will notice the relevant 
aspects of what is being learned. For example, a students ability to solve a word problem 
may be affected by their ability to attend to salient words in the problem as well as the ability 
to abstract essential from non-essential details. Another example of a cognitive generic 
influence on learning is the child's “ability to retain information” (Reisman & Kauffman, 
1980, p.5). A child who has difficulty retaining information may be observed when a child 
needs directions repeated many times, cannot remember a number sequence, though peers in 
their age group can. This may also be observed in a child who verbalizes that they forget 
prior concepts taught, which affects the hierarchal nature of mathematics. 
  
 2.2b Generic Influences: Social and Emotional 
 When teachers have "sensitivity to context" by having an awareness of the factors 
influencing academic performance, they are better able to adapt teaching to fit the needs of 
the individuals in a class (Solomon, 1999). As noted by Reisman (1987), HDT is a problem-
solving approach to teaching mathematics that considers learner characteristics of students, 
including affective characteristics (i.e. social and emotional). When understanding a 
students strengths and weaknesses in mathemathics, it is important to understand how they 
feel towards the learning experience. There are many factors that affect students 
mathematics learning, such as how ones positive or negative perception of mathematics and 
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perception of their teacher or parents attitude towards the subject can affect learning (Aiken, 
1972). An example of an affective factor is high school students citing boredom and a 
general lack of interest in their classes as the reasons for dropping out of school (Public 
Broadcasting Service, 2006). However, according to the NCTM (2006) students in grades 
three and four report liking mathematics and perceive it as relevant and necessary. According 
to Bandura (1993) self-belief, often referred to as ‘self-efficacy’, can be hindered by 
negative experiences or fostered by positive experiences in school situations. Gardners 
(1993) interpersonal intelligence such as relating to others as well as intrapersonal strengths 
such as perceiving situations and making judgments are also affective learner characteristics 
that can play an important role in learning. 
 
2.3 Cultural and Socioeconomic Factors 
Cultural dynamics can affect learning. As part of the Heuristic Diagnostic Teaching 
process, the teacher has an understanding of the student in the context of his or her life both 
inside and outside of the classroom and those factors that may affect learning (Reisman et al, 
2002). Any number of factors can play a role in the students learning experience and 
teachers must often overcome personal biases to understand the students perspective. 
Cultural and socioeconomic factors are examples of those that can affect students learning.  
For example, Feuerstein (2000) reported that there is more parent involvement in 
schools where the socioeconomic status of the family is higher. Parent involvement also 
improves student attitudes towards school, though teachers rarely make use of systematic 
involvement believing that parents will not understand or follow through on activities 
(Epstein, 1985). According to Peña (2000), parents are not usually placed in decision-making 
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roles and more often remain in conventional roles of helping teachers with raising funds or 
attending meetings.  In some cases, parents may make a valuable contribution from the 
home. Further, in some cultures, for instance, Mexican American, parents may feel that an 
on-site role is less appropriate (Peña, 2000). This is an example when culture plays a role in a 
student’s school experience.  
 
2.4 Mathematics Content 
 Reisman (1993) has pointed out that another important part of HDT is that teachers know 
the content that they are teaching. In a study (Reisman, 1993) where a K-8 mathematics 
content pre-assessment was given to 125 teachers, 40 scored below the 20th percentile. Of 
these teachers, only 66% reported completing algebra (Reisman, 1993). Tiroshs (2000) 
findings suggest that although prospective elementary teachers could solve the division of a 
fraction, they could not explain it to others, nor anticipate the common errors in completing 
this type of problem. However, after instruction in mathematics content and pedagogy, they 
were able to solve the problems and were able to consider many more potential errors.  
Tirosh (2000) recommends that teachers understand common mathematical errors that 
students make and that more emphasis is put on student understanding of their steps in 
problem solving rather than focusing just on the answer.  
 VanDooren, Verschaffel, & Onghena (2002) found in a study of strategies used by 
primary and secondary teachers, when solving word problems, secondary teachers used 
algebraic strategies and that primary teachers were more flexible in solving problems by 
using both elementary and algebraic problem solving strategies. The primary teachers also 
evaluated student work with more flexibility, though in some cases their flexibility in solving 
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strategies was limited by their mathematics content knowledge. The mathematics content 
knowledge of teachers appears to be an issue of growing national concern. American students 
are being compared unfavorably to students abroad (Lee & Stigler, 1986). According to the 
National Council of Teachers of Mathematics (NCTM, 2006), there is a high demand for 
qualified teachers, or those who teach in their certification area. Legislation such as the 
No Child Left Behind Act calls for certified teachers with increasing amounts of 
mathematics content knowledge because many teachers lack the content knowledge they are 
expected to teach. In fact, a National Assessment of Educational Progress (NAEP) study 
indicates that students taught by teachers with mathematics degrees or mathematics 
education degrees learn more than those who do not hold those degrees (NCTM, 2006). 
However, 30% of middle or high school teachers were teaching outside of their subject area 
according to another study conducted by the Council of Chief State School Officers, and, in 
low-income schools, 50% of the teachers teach outside of their subject area (1999). Studies 
have shown that teacher content knowledge does affect the teachers ability to present 
mathematics concepts in flexible ways and use elaboration where necessary (Tirosh, 2000; 
VanDooren, et al., 2002).   
  
2.5 Mathematics Standards 
 Classrooms today are standards-driven. Standardized tests (high-stakes) that students take 
are based on standards. The No Child Left Behind Act (NCLB) requires that schools meet 
Adequate Yearly Progress (AYP), which requires approximately 50% of students to score 
proficient or advanced in reading and math. NCLB also requires 95% of students to take 
standardized tests. The Act also mandates specific high school graduation rates and school 
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attendance rates including improvement in attendance from year to year, specifically the law 
calls for 90% improvement in high schools (schools with graduating classes) and that 80% of 
the students graduate (Pennsylvania Department of Education, 2006).  
 The mathematic content standards in Pennsylvania identify what a student should know 
and be able to do at various grade levels. These standards were adopted in 1999 by 
Pennsylvania, though school districts may design curriculum and instruction in any way as 
long as standards are supported (Pennsylvania Department of Education, 2006). The 
Pennsylvania System of School Assessment (PSSA) is given annually throughout the state to 
students from grades 3 through 8 and grade 11 in reading and mathematics. Only students in 
grades 3, 5, and 11 are assessed in writing. Students individual scores are provided to 
schools for diagnostic purposes and school scores are given to districts for overall planning. 
According to the Pennsylvania Department of Education (2006), the following are the 
performance level descriptors: 
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Table 2.1 Pennsylvanias General Performance Level Descriptors 
 
 
Advanced The Advanced Level reflects superior academic performance. Advanced work 
indicates an in-depth understanding and exemplary display of the skills included in 
the PA Academic Content Standards 
Proficient The Proficient Level reflects satisfactory academic performance. Proficient work 
indicates a solid understanding and adequate display of the skills included in the 
PA Academic Content Standards 
Basic  The Basic Level reflects marginal academic performance. Basic work indicates a 
partial understanding and limited display of the skills included in PA Academic 
Content Standards. This work is approaching satisfactory performance, but has not 
been reached. There is need for additional instructional opportunities and/or 
increased student academic commitment to achieve the Proficient Level 
Below Basic The Below Basic Level reflects inadequate academic performance. Below Basic 
work indicates little understanding and minimal display of the skills included in 
the PA Academic Content Standards. There is a major need for additional 
instructional opportunities and/or increased student academic commitment to 
achieve the Proficient Level 
(Pennsylvania Department of Education, 2006) 
 
 Students in this study, also take the TerraNova assessment. This is a nationally-normed 
standardized test, which is now administered in the Fall of each year. The results of this 
assessment are returned to schools in December and can be used diagnostically. The 
TerraNova test items are based on NCTM standards, which describe mathematical 
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understanding, knowledge, and skills that students should acquire from prekindergarten 
through grade 12 (NCTM, 2006).  
 The NCTM focal points are a succinct collection of content themes that provide direction 
for curriculum building for schools. The focal points emerge from mathematics curriculum 
throughout the United States, Singapore, Japan, China, and Korea (NCTM, 2006). The 
NCTM Focal Points (2006) place importance on quick recall of basic facts and in students 
learning simple algorithms to solve computation problems. In terms of content knowledge, 
students in grades three to five focus on three major content themes, multiplicative thinking, 
equivalence, and computational fluency which develop skills needed in middle school 
(NCTM, 2006). By the end of grade eight, students should have developed a knowledge base 
in all ten standards (Number and Operations, Algebra, Geometry, Measurement, Data 
Analysis and Probability, Problem Solving, Reasoning and Proof, Communication, 
Connections, Representation) in order to be prepared for skills needed in high school 
mathematics (NCTM, 2006). The NCTM (2006) points out that students also should develop 
a motivation for learning mathematics during middle school (see Appendix C for NCTM 
Curriculum Focal Points). 
 
2.6 Mathematics Instruction: Based on Three Models  
 
Three models that are currently prevalent are 1) best practices, 2) effective teachers, 
and 3) HDT. First, the best practices model is used in many of today's classrooms and focus 
on teaching methods and content based on academic standards (Zemelman, Daniels, & Hyde, 
1998). Best practices are student-centered, holistic, and incorporate collaborative learning 
environments (Zemelman, et al., 1998). A second current model focuses on specific qualities, 
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characteristics, and actions that effective teachers would display (Stronge, 2002). The third 
model is HDT and focuses on diagnosing individual students strengths and weaknesses and 
places emphasis on teachers content knowledge. For the purpose of this study, it is important 
to point out that there are common strategies in the models (see Table 2.2 HDT, Best 
Practices, & Effective Teachers: Compare and Contrast). It is important to emphasize the 
intuitive understanding that teachers may have of HDT principles. Although teachers in this 
study are not specifically trained in the HDT process, they did self-report on the principles 
that they use in their classroom that reflect HDT. 
An analysis of similarities and differences among best practices, effective teachers, 
and the HDT models pertaining to mathematics achievement are shown in Table 2.2. 
(Compare and Contrast). The best practices (Zemelman, et al., 1998) and the effective 
teacher model (Stronge, 2002) share some strategies with the HDT model, such as the 
emphasis of teacher content knowledge, continued assessment and individual conferences as 
a necessary step to evaluate student progress. Asking students probing questions and using 
discussion as a way of evaluation is another way of observing achievement. All three models 
use a problem-solving approach to mathematics and emphasize that the teacher in some way 
(varying degrees and methods) gives students assistance when they display weakness in 
academic subjects.  
Best practices and HDT are different when interacting and advising parents. Parents 
are advised in best practices to be an extension of the teacher. Parents are advised to ask 
probing questions at home, whereas the HDT teacher investigates background through parent 
interviews, and obtains parental perceptions of their childs learning strengths and 
weaknesses (Reisman,1978; Zemelman, et al., 1998). The role of the HDT parent is one that 
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is a problem-solving partnership with the teacher considering student strengths and 
weaknesses. One strategy that the effective teachers model shares with the HDT model is 
that they both support that teachers must know the content that they are teaching (Reisman, 
1978; Strong, 2002).  
 The role of the best practices teacher is that of a facilitator, and this model is student-
centered with most of the emphasis placed on the student and the classroom environment 
(Zemelman, et al, 1998). The qualities of the effective teachers' model are based on the 
characteristics and actions of the teacher (Stronge, 2002). Finally, the HDT is a partnership 
among the student, parent, and the teacher. In this model, emphasis is placed on learner 
characteristics, such as generic influences on learning, and how material presented best 
meshes with individual learners' learning styles and characteristics (Reisman, 1978). 
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Table 2.2: HDT, Best Practices, & Effective Teachers: Compare and Contrast  
Heuristic Diagnostic Teaching (HDT) Effective Teachers  Best Practices in Teaching  
Similarities Across Models 
 Writing about mathematics  Writing about mathematics  
Teacher Knows Student as an Individual Teacher Knows Student as an 
Individual 
 
Teacher Shows Student Caring & that they are 
Willing to Help and Understand Them 
Teacher Shows Student Caring & 
that they are Willing to Help and 
Understand Them 
 
Teacher Knows Content, Basic Skills Teachers Knows Content, Basic 
Skills 
 
Attention on affective needs of student, varying 
cognitive styles of individual students 
 Attention on affective needs of student, 
varying cognitive styles of individual 
students 
Brief Teacher/Student Conferences Brief Teacher/Student 
Conferences 
Brief Teacher/Student Conferences 
Problem -solving approach to mathematics, 
reasoning, Numbers /Operations/ Computation, 
Geometry/Measurement, Statistics/Probability, 
Patterns, Functions, Algebra  
Problem-solving approach 
(Specific content area not listed) 
Problem -solving approach to mathematics, 
reasoning, Numbers /Operations/ 
Computation, Geometry/Measurement, 
Statistics/Probability, Patterns, Functions, 
Algebra 
Assessment - Integral Part of Learning 
Multiple Assessment types 
Assessment - Integral Part of 
Learning- Multiple Assessment 
types 
Assessment - Integral Part of Learning 
Multiple Assessment types 
Discussion/Questioning Discussion/Questioning Discussion/Questioning 
Content Integration, Real World Examples & 
Use of Manipulatives 
Content Integration, Real World 
Examples & Use of 
Manipulatives 
Content Integration, Real World  
Examples & Use of Manipulatives  
Teacher will assist students or re-teach weak 
students through coaching 
 
Teacher will assist students or re-
teach weak students through 
tutoring  
Teachers coach, demonstrate, model, deliver 
special help to students in regular classroom 
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Differences Unique to Each Model 
Heuristic Diagnostic Teaching (HDT) Effective Teachers  Best Practices in Teaching  
Assesses and Understands Learning 
Characteristics 
E.T. Stresses Fairness & Respect- 
Model Credibility 
Cooperative Learning Groups, 
heterogeneous, collaborative, democratic, 
less competition 
Meshes Material Being Taught with Student 
Learning Characteristics 
E.T. have Social Interaction with 
Students, Positive Connections 
More Active Learning, Talking, Moving, 
Noise, Hands-on  
Learning Characteristics include creative 
Characteristics 
E.T. have High Verbal Ability Student record keeping, responsible 
Learning Characteristics include the Generic 
Influences on Learning 
E.T. use Skills Checklist Deep, focused study of fewer topics 
HDT considers learning style of student E.T. Motivated, Encourages 
Students, High Expectations 
Reading of real texts, primary sources, 
nonfiction, integrated learning 
HDT considers other characteristics: family 
background, culture 
E.T. Students engaged, and 
established protocol for disruption 
Choice for Students, less seatwork 
Focus on Individual  
Team: Parent, Student, Teacher 
Teacher-Based Model 
Parents Reinforce Discipline, and 
Homework 
Student-Centered, Teacher as a Facilitator, 
Parent Extension of Teacher 
Parents- Source for information, work  
with teachers to understand student 
mathematics strengths and weaknesses. 
Parents- Reinforce Discipline 
strategies enforced by teacher, 
and help with homework 
Parents- Expected to continue  
Best Practices at home by asking  
 probing questions. 
(HDT, Reisman, 1987; Best Practices, Zemelman, Daniels, Hyde, 1998, Effective Teachers, Stronge, 2002 
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2.7 Definitions of Creativity 
 
 Another aspect of this study relating to HDT principles, deals with identifying the 
creative strengths as learner characteristics. The creative strengths include fluent thinking, 
which is to come up with many ideas, flexible thinking, or to generate different types of 
ideas, original thinking, or thinking of ideas that no one else would think of, elaboration, or 
the ability to expand on ideas, and resistance to premature closure, which is being open to 
new ideas (Torrance, 1974). The creative strengths can be used in mathematics teaching and 
learning (Reisman et al, 2002). The creative strengths (fluency, flexibility, elaboration, 
originality, and resistance to premature closure) are useful when students problem solve in 
mathematics.  The first two steps in Polyas problem solving model require a learner to 
understand a problem and devise a plan (1943). To complete these steps, the learner makes 
connections between known and unknown information, generates ideas by considering 
familiar problems, elaborates on familiar ideas, and imagines a solution that is solvable, thus 
using creative strengths. Identifying a student’s creative strengths allows a teacher to 
understand more information about how a student learns.  
 Many of the same factors that can be used to determine mathematics strengths and 
weaknesses in the HDT process have been found to shape one’s creative strengths. For 
example, socio-economic status, cultural, political, and family background, intellect, special 
training, role models and mentors all shape one's creative strengths (Simonton, 2000). Non-
cognitive factors such as personality characteristics, intrinsic motivation, the ability to 
recognize opportunity and also to act on opportunity plays a role in creativity (Dacey & 
Lennon, 1998). Creativity may best be defined as the “ability to produce work that is novel 
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and appropriate” (Lubart, 2000, p. 339). Creativity can also be described as something that is 
useful and timely (Torrance, 1994). 
 According to Sternberg and Lubart (2000), there are seven approaches to creativity. Each 
approach has distinctive features, though the approaches tend to be interconnected. The seven 
approaches show that there are many meanings of creativity, and it is a concept that spans 
across cultures (Lubart, 2000). Creativity in a classroom setting may also be subject to many 
approaches and potential misunderstandings about what creativity is, such as, who is 
creative, and when it is appropriate to be creative. The approaches are as follows:  
• Mystical Approach 
• Pragmatic Approach 
• Psychodynamic Approach 
• Psychometric Approach 
• Cognitive Approach 
• Social-Personality Approach 
• Confluence Approach 
 Sternberg and Lubart (2000) describe the Mystical Approach as a spiritual approach to 
creativity, and the Pragmatic approach as the approach that concerns itself with the creative 
thinking abilities such as lateral thinking and brainstorming, most often associated with 
researchers such as DeBono and Osborne (as cited in Sternberg & Lubart, 2000). The 
Psychodynamic Approach is the approach where creative work strives to express 
unconscious wishes in a publicly acceptable fashion. This work is most often associated with 
Freud.  
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 According to Sternberg and Lubart (2000), the Psychometric Approach is a way that 
researchers, such as Guilford and Torrance, measure creativity and divergent thinking 
(Sternberg and Lubart, 2000). The Torrance Tests of Creative Thinking have two forms, 
measuring verbal and the figural creativity (Torrance, 1974). The Verbal forms measure 
one's ability to make associations and think metaphorically and tasks include cause and effect 
type relationships, descriptive and narrative approaches as well as thinking that is related to 
the scientific process (Torrance, 1974). The figural forms measure one's ability to construct 
pictures, in particular to do this while thinking originally based on a specific set of directions. 
Also, the figural constructions encourage one to create a purpose for an open-ended task 
through picture completion, titling, and labeling (Torrance, 1974).  Both measure the creative 
strengths.  
 The Cognitive Approach highlights the Geneplore Model of Finke, Ward, and Smith; 
especially, the generative phase and the exploratory, or creative ideas phase (Sternberg & 
Lubart, 2000). The Social-Personality Approach, according to Sternberg & Lubart (2000), 
refers to studying characteristics or personalities of eminent creators by researchers such as 
Maslow, Gruber, and Gardner. Finally, the Confluence Approach refers to theories of 
creativity that subscribe to the idea that creativity occurs when multiple components 
converge (Sternberg, 2000, p. 10). An example of the Confluence Approach is the 
Investment Theory of Sternberg (2000) where rough and unfavorable ideas have growth 
potential and can be developed, thus the concept of buy low and sell high (p.10). The 
Systems Approach is another example of the Confluence Approach where creativity is an 
evolving process and affected by its context (Csikszenmihalyi, 1988; Gruber, 2000; Lubart & 
Sternberg, 2000). 
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2.8 Teachers Identification of Creative Characteristics 
 
 Teachers often overlook certain student creative characteristics when  teachers  
perceivethe student to have a behavior issue (Dawson, 1997). Teachers, mentors, family,  
peers, and cultural groups play a critical role in the  development and realization of ones'  
creativity (Simonton, 1984; Feldman, 2000). It is clear that the educational and social roles  
affect the development of student creative abilities and that there may be "hidden talents"  
among students, particularly those who may not have any other strengths in the traditional  
sense as perceived by their educators (Reisman & Bach, 2002). Reisman and Bach (2002)  
conducted a study of minority students of low socioeconomic backgrounds in the lowest  
academic-achieving school district (1st-25th percentile) in Pennsylvania. Students who had  
been identified by the district as being high achievers were described by the researchers as  
"placid, quiet, average learners, and too well-behaved for usual tenth graders... and identified  
as being high achievers by the principal for not being troublemakers" (Reisman & Bach,  
2002, p.93). Believing that these students, identified by the administration as high-achievers,  
and that the rest of the district's students could not be so low in achievement (academic,  
cognitive, social) Torrance Tests of Creative Thinking were administered to an expanded  
group of all seventh, ninth, and tenth graders (Reisman & Bach, 2002). This discovery and  
process, an example of the HDT, was used in Professional Development training to  
encourage teachers to teach to the strengths of the population of this particular group of  
students (Reisman & Bach, 2002). In the Reisman-Bach findings, low socio-economic, low  
achieving, minority, seventh, ninth, and tenth graders scored significantly higher on the  
figural test (75th to 95th percentile) than on the verbal (below the 20th percentile). 
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 According to Dawson et al. (1995), when identifying creative children, teachers have a 
tendency to identify children with verbal strengths as opposed to those with figural strengths. 
The verbally talented children also are those that are depicted as the more adaptive children 
(Dawson, 1997). A student who is adaptive according to Dawson (1997), has characteristics 
that a teacher may view as positive such as, being considerate to others, being obedient, 
being popular with peers, and being willing to accept the judgments of authorities. Therefore, 
students with figural strengths, or creativity characteristics that are perceived as less adaptive 
by teacher, may not be identified as creative. Accordingly, Torrance's (1963) study found 
that teachers' images of an ideal student do not correlate with creativity characteristics. 
Torrance refers to many of the traits that teachers value as those "more likely to produce 
pupils who are ripe for brainwashing than pupils who can think creatively" (Torrance, 1963).  
 Interestingly, research continues to show that teachers report enjoying having creative  
children in the classroom though attributing creativity to positive characteristics such as  
sincere and responsible and attributing it the least to characteristics of creativity such as  
impulsive, nonconformist and makes up the rules as he or she goes along  
(Dawson, 1997).  A study by Dawson, D'Andrea, Affinito, & Westby (1995) examined  
teachers' ability to predict creativity in third and fourth graders based upon the views of  
creativity that teachers reported having. Results showed that teachers were able to predict  
verbal creativity (Dawson, D'Andrea et al, 1995).   
 In another study by Anderson & Stoffer (1976), when juvenile delinquent youths were  
compared to non-delinquent youths, non-delinquents were more verbally creative. In figural  
assessments, the delinquent youths were more creative particularly in fluency though not in  
the area of elaboration. Results of this study were used in a delinquent rehabilitation program  
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where expression of figural creativity was encouraged (Anderson & Stoffer, 1976). 
Interestingly, the defiant behavior positively correlated to figural fluency.  
On the other hand, not all creative students break rules and behave poorly in the  
classroom. Byrnes (1983) named them "invisible children" and they were not noticed by 
authority figures to be particularly bright and creative, but upon closer examination this  
population of students was especially bright and creative (Hoff & Carlsson, 2002). These  
children are not noticed because they are compliant and able to adapt and are flexible to  
conform to school rules and authority as needed. They are sensitive and withdrawn, and  
within the confines of school, most likely intelligent.  
 Parents can be a source for the identification of creative children. In terms of the 
identification of creative children, parents typically identified their own children as creative 
based on creativity characteristics that are aligned with current research, for example a 
sensitive, risk-taker, makes up rules as they go along, independent, and curious child. 
Teachers, whose criteria differed, often disagreed with the assessments of parents (Runco, 
1989).  Research has also shown that children who disobey school regulations and rules often 
score higher on creativity tests (Guncer & Oral, 1993).  The often non-compliant behavior of 
these students conflict with teachers need for managed classrooms, which may be why these 
particular students talents are overlooked (Dawson, 1997).   
 
2.9 Creative Profiles 
 
 When attempting to define creativity, it is important to look at the diverse set of 
characteristics of a creative person to further understand the term. These characteristics could 
be used as a framework to observe students to determine if they are creative like the Generic 
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Influence on Learning in the HDT process serves to identify strengths and weaknesses in the 
cognitive, social, and emotional domains.  
 Interestingly, there are many implicit theories pertaining to the characteristics of the 
creative personality by influential people in children's lives, such as parents and teachers 
(Plucker & Renzulli, 2000). Unfortunately, implicit theories and opinions about creative 
characteristics may mean that teachers do not always identify creative children. This section 
will look at the creative profiles that are found in the creativity literature. 
 Martindale (2000) discussed creators as being oversensitive, over-reactive and 
withdrawn. He speculated that the creative person will withdraw most likely due to 
oversensitivity and that solitude facilitates the creative process (Martindale, 2000). The idea 
of duality of the creative personality is often mentioned in the literature. The creative person 
may be autonomous, confident, and able to maintain things independently; yet also may be 
an exhibitionist, aggressive, labile, and one who lacks, self-control, endurance, and 
organizational skills (Bonk, 1998). Examples of the duality of the creative personality are: 
tendencies to be humble, yet confident, detached from tasks yet quite intimate and familiar 
with them, relaxed yet attentive, divergent in thought, though converging on that which is of 
interest, and finally his or her discontent being constructive in some way (e.g. motivation) 
(McMullan, 1975).  
 It is McMullan's model (1975) that supported the importance of not just divergent 
thinking but convergent thinking for creativity. Many implicit theories of the layman, 
including teachers and parents do not include duality of the creative personality. McMullan's 
(1975) was one of the first to open up the paradoxical view of the creative characteristics. 
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McMullan's (1975) early model of the 'Creative Gestalt' also was one of the first to describe 
the core characteristic of a creative individual as having "flexible persistence."  
 Gardner (1993) conducted a study of great creators that span across historical  
eras of time and then compared their background data to look for common  
themes.  He found that the great creators such as Pablo Picasso, Sigmund Freud,  
Mahatma Gandhi, Albert Einstein, Martha Graham, T.S. Eliot, and Igor Stravinsky had  
many common characteristics that played a role in the creative process. Their personal  
characteristics included a childlike nature with powerful feelings and emotions such as  
rage and passion, often expressed publicly. According to Gardner (1993, pp.39),  
asynchrony is when individual talent, external judgment from the public or peers, and the  
need for work in the discipline do not match in some way. Gardner found that asynchrony  
played a role in these great creators' lives and that they were creative to the extent that  
they could withstand the strain posed by the various asynchronies. At the time of  
the creative breakthrough, Gardner also found that the great creators had a mentor, and  
moved into isolation and depression at times. The creators were said to have charming  
personalities that they used at times as they saw fit "for a greater good." All came from what  
Gardner (1993) calls marginal or average families. The families are strict, yet supportive, and  
the eminent creators eventually leave these families to move to a city or urban setting  
(Gardner, 1993).  
 The results of Torrance's (2000) longitudinal study are consistent with Gardner's case  
studies, as Torrance's findings suggest having a mentor, a foreign living experience, and  
breaks from education and work all correlate highly to creative achievement. However,  
gender, marital status, and number of children do not correlate to creativity (Torrance,  
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2000). Gardner reports that although the creative characteristics are theme-based, there  
are variations or exceptions in some cases. For instance, an exception is that Einstein  
was not reported strongly to show his emotions outwardly as other creators.  
Eliot's expression of emotion was shown in his writing, rather than an outward  
expression. 
 A study by Feist (2000), explained why exceptions might be found in the themes of 
Gardner's creative personality. There are two different profiles for creators, particularly the 
artist and the scientist (Feist, 2000).  The creative artist, painters, musicians, and writers can 
be characterized as emotional, intuitive and prone to having intense affective experiences.  
The creative artist, however, also can be characterized as labile, liable to lapse in some way, 
tending to score below average on socialization and responsibility factors when assessed.  
 Although both creative artists and creative scientists contain nonconformers among them, 
creative artists are thought to be more "active" nonconformers than creative scientists (Feist, 
2000).  Creative scientists are characterized as much more "conscientious and orderly" (Feist, 
2000). The findings in a preschool study on conformity produce interesting results. A study 
by Van Hook and Tegano (2002) described the characteristics of preschool children's 
creativity showing that students who are found to be extremely conforming or extremely 
nonconforming types are students who do not test creatively and are more rigid.  This can be 
explained by the fact that being an extremist requires less thought and less creativity. It is the 
students who have the ability to move in and out of conformity - termed "freedom of 
expression" - who have the most creative potential and problem solving abilities, thus scoring 
high on creativity measures that assess original thinking (Van Hook & Tegano, 2002). 
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2.10 Creativity and Disabilities 
 
 According to the ADD/ADHD Center that reports the American Psychiatrics findings  
(2002), characteristics that identify an ADHD student are inattention, impulsivity, and  
hyperactivity. Impulsivity and inattention (could be called daydreaming, lack of focus,  
lack of interest) also are characteristics of a creative child (Cramond, 1995, Feist, 2000).  
ADHD diagnosis depends greatly on teachers as well as parents. Although 3-5% of  
children are diagnosed, the ADD/ADHD Center (2002) reports that girls are less often  
diagnosed because they are less aggressive, do not lose self-control and are less defiant,  
rendering less shocking behavior that may require treatment. Further, girls are more apt  
to have social and emotional problems (ADD/ADHD Center 2002). ADHD is often  
associated with other behavioral or emotional conditions. About one third of children  
with ADHD also have one or more of the following conditions, anxiety disorder or  
depression. About one half of children with ADHD have "Oppositional Defiant  
Disorder" (ODD) characterized by the child who will not harm anyone, nor break rules, but  
will constantly discuss breaking rules, argue rules, and show defiance. This can sometimes  
worsen into "Conduct Disorder" when a child frequently fights, steals, does not attend school  
without permission, harms animals or people, is a bully at school, and frequently lies  
(ADD/ADHD Center, 2002). Many of the characteristics of ADHD and its related  
conditions, including defiance, depression, emotional and social problems also have been  
noted as creative characteristics (Cramond, 1995; Gardner, 1993). Lying, for example, a  
characteristic of conduct disorder, is a creative effort (Meeker, 1977). 
 A related study reported that socially and emotionally maladjusted children tend to  
have higher verbal creative ability than socially and emotionally adjusted children (Finch,  
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1977). Kandil & Torrance (1977) supported this data, and found that more specifically,  
emotionally and socially maladjusted children score "unusually high"  in verbal creativity  
on the fluency and originality sections, but not in flexibility. As a result of this study, it  
was suggested that socially and emotionally maladjusted children should work to  
strengthen their flexibility in solving problems. Results of both studies suggest that  
therapy may be an appropriate treatment method for emotionally and socially  
maladjusted children who show particular creativity in the verbal area. Torrance (1974)  
also found that more creative students also have more strongly developed egos,  
particularly in the area of elaboration. The weakest ego development was in the  
area of originality; and fluency and flexibility were neither very strong nor weak. 
 
2.11 Creativity as a Social and Emotional Factor 
  Hoff and Carlsson (2002) pointed out that self-image tends to be higher among adults  
than in children and cite a possible cause as the overall lack of freedom in childhood.   
Smith & Tegano assert that an inner security and healthy self-actualization must be  
developed in order to foster creativity (1992). However, the truly creative act is  
spontaneous and often unpopular (Sternberg and Lubart, 1995). Torrance's results,  
that emotionally and socially maladjusted children score "unusually high" in verbal and  
Torrances results show that creativity may stem from conflict. Maslow's hierarchy of  
needs (Maslow, 1970) indicate that self-actualization only can be reached if  
physiological, safety, love, belonging needs, and esteem needs are met and that few  
people reach the self-actualization level. Maslow describes the self-actualization level as  
finding one's calling and refers to artists creating as an example of finding one's calling.  
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Maslow observed self-actualization and based this research on the close observation of  
his two mentors. Related to this, a high level of intrinsic motivation can be reached when  
creative individuals' challenges match their skill level. When skills are used to meet  
challenges, creators are said to be in a "state of flow" according to Csikszentmihalyi  
(1998). 
Social situations may affect a student’s ability to concentrate on a lesson, as well as 
emotional distress related to a family situation. For example, the emotional generic 
influences on learning such as emotional extremes have also been associated with the 
creative behaviors such as having greater emotional disturbance, sensitivity, impulsivity, yet 
creative individuals have the ability to think analytically and use great control when dealing 
with problems (Dacey & Lennon, 1988). The social generic influences such as following 
rules of conduct, relating to peers and adults, following cues in the environment to acting 
appropriately, and having a balance of autonomy and dependency follow closely to many of 
the positive and negative creativity characteristics dealing with behavior and the social 
aspects of a creative individual. For example, creative individuals are more independent of 
others’ opinions and are inclined to be involved in independent activities (Dacey & Lennon, 
1988). Creative individuals may in some situations lack the balance of the rules of conduct, 
as well as the balance between autonomy and dependency.  
  
2.12 Chapter Summary 
  The Heuristic Diagnostic Teaching process is one that encourages teachers to look for 
strengths and weaknesses in students and identify all factors that may affect student 
mathematics learning. There are many factors that affect student success such as those that 
comprise generic influences on learning (social and emotional, cognitive, psychomotor, 
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physical and sensory factors), creative strengths, cultural, socio-economic, family, and other 
background factors. When a teacher can understand a student and put them in context of their 
own life situation, both inside and outside of the classroom, often a more productive learning 
experience will occur. Further, the creative strengths can play a role in student mathematics 
problem solving. 
 According to Dawson (1997), teachers identify verbally creative students, but do not 
identify students who are more talented in figural creativity.  Torrance (2000) reports a 
significant correlation between measured creativity in youth and creative achievement in 
adulthood so identifying and fostering creative students is important. The creative strengths 
can also be an important process in mathematics problem solving. Reisman and Bach's 
(2002) findings suggest that a low socioeconomic, low achieving, students in a minority 
population have hidden talents in figural creativity. These findings suggest a need for 
improvement in identifying those students with creative talents, particularly the figural 
creativity that is often associated with less desirable characteristics, such as less social, 
impulsive, or non-compliant student behavior. Identification of student creativity has been 
found in some studies to be overlooked by teachers in classrooms that suggest a general 
misunderstanding of creativity characteristics by teachers. It is for these reasons that this 
study emphasizes the figural creativity of the participating teachers. The studys exploration 
gathered data on teacher creativity in the figural domain, while tying these results to the 
teachers ability to identify creative characteristics to their students. Since their students 
represent a population similar to those in the Reisman-Bach study, where creative hidden 
strengths emerged in the TTCT Figural data but not in the TTCT verbal results, emphasis 
was placed on figural creativity. 
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Chapter 3. METHODOLOGY 
 
3.1 Research Design 
This is a Qualitative descriptive exploratory study, which means that ideas emerge 
from the data and the direction that the data may lead is less defined in the early stages of the 
study. However, the researcher must “extract a structure from the source material which in 
the best case can be formed as a rule that governs all the observations and is not known 
earlier (per the definition of exploratory study). Finding the unknown structure may need 
some creative innovation” (Routio, 2007, p.1). The exploratory analysis of empirical data 
seeks to construct a “preliminary model” that is based on trends from the data. Therefore, 
when performing a qualitative analysis of empirical data, the researcher must look for 
interpretations that include relationships or a “general rule or model that is valid in all or 
most of the observations” (Routio, 2007, p.1). The exploratory study uses a mixed-method 
research design (McMillans, 2004). This study investigated four initial research questions 
(see section 3.2) and then explored additional sub-questions that emerged from those results 
(discussed in Chapter 4 Analysis). 
 
3.2 Descriptors  
 
 As shown in Table 3.1 (Data Source for Measuring Descriptors), the specific descriptors 
examined in each research question presented below are outlined.  
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Table 3.1 Data Source for Measuring Descriptors 
 
 
 
Research 
Question 
Descriptors Instrument 
Question 1 
Is there a relationship 
between teachers using 
HDT principles and 
identifying student 
generic influences on 
learning? 
Teacher use of HDT 
principles 
………………………. 
Teacher Identification 
Student Generic 
Influences 
HDT Self Report (HDT) 
…………………….. 
 
 
HDT Self Report (GI) 
Question 2 
 Is there a relationship 
between teachers using 
HDT principles and 
identifying student 
creative characteristics? 
Teacher use of HDT 
principles 
……………………….. 
Teacher Identification 
Student Creativity 
Characteristics 
HDT Self Report (HDT) 
…………………….. 
 
HDT Self Report (CC) 
Question 3 
Is there a relationship 
between teachers using 
HDT principles and their 
students' mathematics 
performance on a 
standardized mathematics 
assessment? 
Teacher use of HDT 
principles 
……………………….. 
Student Math 
HDT Self Report (HDT) 
…………………….. 
TerraNova - MNCE 
Question 4 
Is there a relationship 
between teacher figural 
creativity on the TTCT 
and their ability to 
identify student creative 
characteristics? 
Teacher Figural 
Creativity 
……………………….. 
Teacher Identification 
Student Creativity 
Characteristics 
TTCT –Figural 
…………………… 
 
HDT Self Report (CC) 
  
Table 3.1 (Data Source for Measuring Descriptors) outlines the descriptors that were 
explored for each research question and the instrument that was used to measure it. Research 
Question 1 was examined by looking at the relationship between the generic influences on 
learning and HDT principles to see if a positive relationship exists. Research Question 2 
investigated the relationship between teachers who self-report to use HDT principles and 
their identification of students creative characteristics. Research Question 3 examined the 
relationship between student mathematics content knowledge scores and teachers’ self-report 
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of their use of HDT principles. Research Question 4 investigated the relationship between 
teachers’ identification of students’ creativity and teachers’ own figural creativity using the 
Torrance Tests of Creative Thinking Figural form (TTCT).  
 
3.3 Procedure 
 In this study, all teachers in three public schools (elementary and middle schools) in 
the West, Northwest, and Central regions of Philadelphia were invited to participate by 
recruitment flyers. Each of the three schools represents a different corner of the city (West 
Philadelphia, East Falls, North Philadelphia) and each has a unique cultural community that 
weaves into the Philadelphia community at large. Teachers who agreed to participate 
returned a consent form and were administered the Teacher Self-Report and the Torrance 
Tests of Creative Thinking Figural Forms (TTCT). Additionally, class-wide student data of 
the mathematics portion of the Philadelphia TerraNova assessment was analyzed to see if 
there were any significant relationships between the teachers self-report and the 
mathematics mean scores. Further mathematics analysis was conducted on TerraNova 
content strands as well as students PSSA mathematics scores. Those teachers who agreed to 
participate received an informed consent form from the researcher as per school policy and 
Drexel University and School District of Philadelphia IRB requirements. The informed 
consent form described the purpose of the study, the assessments, included a confidentiality 
statement, and noted that participation was voluntary. The consenting teachers in the schools 
were administered a Likert-type self-report by a qualified assistant (see Appendix A).  All 
information was kept confidential and secure. The instruments were coded to ensure 
confidentiality. The figural form of the Torrance Tests of Creative Thinking was 
administered the same day as the self-report. Class-wide TerraNova mathematics scores for 
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students of participating teachers were analyzed including numbers and operations, 
measurement, geometry, algebra, probability, and problem-solving subtests. Criteria for the 
school selection included availability of the teaching staff, reasonable access to the school for 
teacher recruitment for the study, and willingness of the administrative staff to allow this 
research at the school.  
A middle school (grades 6-8) used in this study, located in West Philadelphia, was 
used in the pilot study and the Teacher Self-Report was administered to a diverse group of 
ten participating teachers from 12-1 PM in the school library during the professional 
development hours on a Friday. Another middle school (6-8) was used for the study and 
testing took place in the professional development room during the after school hours at the 
school in the Northwest Region with two teachers participating. Additionally, twenty-six 
teachers participated at the (K-6) school in North Philadelphia in the school library during the 
professional development hours on a Friday. 
 
3.4 Demographics 
The school that was used in the pilot study is located in the West Region. According 
to the School District of Philadelphia (2006), the racial background of the students is 77% 
African American, 15% White, 6% Asian, and 1% Latino, with 60% coming from low-
income families. The school has a 94% attendance rate and the teachers attendance rate is 
88%. The school reports few serious incidents and suspensions. In terms of Pennsylvania 
System of School Assessment (PSSA) mathematics scores, the number of students in grade 5 
who are reported to be below basic has decreased from 42%, 20%, 26% in 2003, 2004, and 
2005 respectively. There has been a steady rise in the basic, proficient, and advanced 
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categories with the most dramatic improvement in the proficient category during the past 
four years moving from 13% to 31%.  
Two teachers participated in this study from a school in East Falls, a section of the 
city towards Northwest Philadelphia, though considered the West Region of the School 
District of Philadelphia. This school is a K-6 school with a diverse student body and teaching 
staff. According to the school district (2006), 84% of the students at this school are African 
American, 13% are White, and 2% are Latino. At this school, 82% are low-income families. 
The attendance rate of students was 92% and the teacher attendance at this school was 95%. 
There were few serious incidents here and suspensions were marginal.  In terms of PSSA 
mathematics scores, the number of students in grade 5 who are reported to be below basic 
has steadily decreased from 33%, 18%, 10% in 2003, 2004, and 2005 respectively. During 
the past four years, this school has grown to hover around 30% in the basic, proficient and 
advanced categories. 
Another school in this study is located in a North Philadelphia neighborhood. This is 
the Central Region according to the School District of Philadelphia. The school supports a 
very diverse team of teachers (e.g., African-American, Hispanic, White) for the grades K-6 
students who live locally. According to the School District of Philadelphia (2006), 98% of 
the students at this school are African American, and less than 1% are White, Asian or 
Latino. Of these students, 85% are from low-income families. The school reports a 90% 
student attendance rate and an 82% teacher attendance rate. This school reports more 
suspensions than other participating schools and few serious incidents. In terms of PSSA 
mathematics scores, the number of students in grade 5 who are reported to be below basic 
has decreased from 70% to 49%, and was 53% in 2003, 2004, and 2005 respectively. This 
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school has made significant strides in the Proficient category moving from 8% to 33% during 
the past four years.   
 
3.5 Participant Sample Sizes 
 All teachers who subsequently volunteered and consented to participate in this study at 
the selected schools were guaranteed confidentiality on all assessment results in keeping with 
IRB requirements. Participants were guaranteed that data were at all times stored off-site in a 
locked facility. Table 3.2 (Sample Sizes for the Tests for Each Research Question) outlines 
the teacher participants in this study. 
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Table 3.2 Sample Sizes for the Tests for Each Research Question 
 
 
*Pilot Study Participants Included 
Research Question Sample Size 
(n) 
#1: Is there a relationship between 
teachers using HDT principles and 
identifying student generic influences on 
learning? 
38* 
#2: Is there a relationship between 
teachers using HDT principles and 
identifying student creative 
characteristics? 
38* 
#3: Is there a relationship between 
teachers using HDT principles and their 
students' mathematics performance on a 
standardized mathematics assessment? 
10 
#4: Is there a relationship between teacher 
figural creativity on the TTCT and their 
ability to identify student creative 
characteristics? 
26 
 
 
As can be seen in Table 3.2 (Sample Sizes for the Tests for Each Research Question), 
the sample sizes per question varied. Questions that were measured using only the self-report 
instrument had the largest sample size of 38 teachers. This represented teachers from three 
schools, including the pilot school where self-report data was initially collected for 
instrument development. Question 4 had a sample size of 26 teachers because the figural 
TTCT was given only to teachers at two schools in the Central and Northwest regions. This 
measure was not given to the teachers in the pilot school. Further, mathematics class-wide 
data could only be obtained for ten teachers due to inconsistency in reporting (some schools 
report by total grade not by individual class), and there was a lack of response in some cases. 
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Interestingly, however, trends could be noted in the data, as per the descriptive exploratory 
method. In addition, several relevant sub-questions emerged from the data obtained from 
analyzing the core research questions, which is discussed in Chapter 4 (Results).  
 
3.6 Assessments  
 3.6a The Torrance Tests of Creative Thinking - Figural 
 
 According to Reisman (2002), a rich portrait of measures including creativity tests help to 
inform learner characteristics as well as creative strengths. Participating teachers took the 
Figural form of the Torrance Tests of Creative Thinking (TTCT) to assess their creative 
strengths. In this study, only the TTCT Figural was administered. Figural creativity has been 
found to be a hidden talent among low-income minority students who represent the students 
of teachers in this study (Reisman & Bach, 2000). Tapping similar hidden creative talents in 
teachers as well as cost of test and scoring were other reasons that the Figural form was used 
exclusively. The study findings reflect whether teachers’ own figural creativity is a factor in 
identifying students’ creativity characteristics.  
 
Reliability 
 The Figural form of the Torrance Tests of Creative Thinking measures the "creative 
thinking abilities which refer to the constellation of generalized mental abilities that are 
commonly presumed to be brought into play during creative achievements" (Torrance, 2000, 
p.1). Many tests have been done to assess the reliability of the TTCT. With a ten-week 
interval, Goralski (1964) reported test-retest reliability coefficients of .82, .78, .59, and .83 
for fluency, flexibility, originality, and the battery total when testing student teachers.  
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Sommers (1961) tested and retested two different samples of college students within a ten-
week interval. The reliability was .97 and.80 for the samples. More recent and specific 
reliability tests have been conducted by a variety of people. For example, Rosenthal, 
DeMers, Stillwell, Graybeal, and Zins (1983) tested 125 gifted students and 428 non-gifted 
elementary school children. Two skilled scorers found no difference in the test-retest 
reliability scores. 
 
Validity 
 According to Torrance (2000), although it may not be possible to measure every creative 
behavior with an assessment, the TTCT has content validity and does measure creative 
thinking abilities and the creative thinking process. In some cases, the decisions for what to 
include on the TTCT "was based on factor analysis" (Torrance, 2000, p.8). Torrance (2000) 
also based the content of the test on the current research at the time that included the lives of 
eminent individuals, their lives and personalities, and nature of creative acts. Construct 
validity was tested against established instruments. For example, Fleming and Weintraub 
(1962) reported that students who scored higher on the TTCT (including flexibility) scored 
lower on a measure of attitudinal rigidity. 
 Predictive validity is possible due to Torrance's longitudinal data. Findings support that 
the TTCT taken during high school years when compared with creative achievements during 
adulthood yielded a correlation of .51 (Torrance, 2000). This correlation is significant in 
terms of predicting adult creativity and how important it is for creativity to be fostered during 
the years of formal education. The significance of the results reiterates the important role that 
a teacher plays in fostering student creativity. Additionally, peers can identify classmates 
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who demonstrate creative thinking, such as those with many good ideas and wild ideas 
(Yamamoto, 1964). 
 
3.6b TerraNova Test: Mathematics 
 The class-wide scores of students' TerraNova data were analyzed to assess mathematics 
content knowledge. The mathematics objectives on the test are equivalent to the curriculum 
objectives for the content of the School District of Philadelphia and National Council of 
Teachers of Mathematics (NCTM) standards.  The TerraNova is published by CTB/McGraw-
Hill. The TerraNova, formerly known as the Comprehensive Test of Basic Skills, combines 
both multiple-choice questions with open-ended questions. One of the major focuses evident 
on the mathematics portion of the TerraNova test is mathematical reasoning and solving real-
life problems. The TerraNova standardized test used in this study to assess student 
mathematics content knowledge, have been administered annually during the fall of each 
school year to students in grades 3-11. The test is a five-hour test (a little more in the upper 
grades). The scores are returned in National Percentiles and students in the 50th percentile 
are considered on grade level.  
Reliability  
 The reliability for TerraNova test scores is within the acceptable ranges of .80 to .90 
(Burley, 2002). According to Monsaas as reported in the Journal of Technology in Education 
(2001, p.1), The individual subtests, as well as composite scores, have reliability 
coefficients consistently in the .80s and .90s,” which is a high reliability.  
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 Validity 
Additionally, students who took the TerraNova have scores that fit a normal curve equivalent 
on the Palmetto Achievement Challenge Test (PACT), a similar standardized test, according 
to the U.S. Department of Educations Validity Evidence Report on the TerraNova, 
supporting the TerraNova content validity (2005). Additionally, criterion validity has been 
supported by TerraNova studies with Scholastic Aptitude Test (SAT) and American College 
Testing (ACT) tests. Both tests are typically used as predictors of college success and the 
TerraNova is also valid as a diagnostic assessment (Monsaas, 2001). Experienced teachers 
designed the test items on the TerraNova. Teachers designed twice as many items as was 
needed to create the pool of items to choose from. There is an extensive review process for 
the items. According to Monsaas (2001), there are many studies supporting the content 
validity of the TerraNova including usability, sensitivity, and classroom pilot-type studies. 
Additionally, teacher and administrator panels nationwide acted as content specialists on the 
test items.  
 
3.6c Teacher Self-Report 
 
The Teacher Self Report (see Appendix A) is a Likert-type scale that was completed 
by all participating teachers and tapped the study research questions. Characteristics and 
situations that depict HDT principles, recognition of the generic influences, and creative 
characteristics of students comprise the Teacher Self-Report. Identification of creative 
students in their classrooms involved responding to: Always to Never on a 4-point scale. 
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Other items that examined an opinion on the 4-point self-report scale were rated as Strongly 
Agree to Strongly Disagree.  
 Another aspect of the Teacher Self-Report is a section that incorporates fifteen 
characteristics that the teacher checked off if the teacher associated those characteristics with 
creativity.  The self- report also asked teachers about their mathematics content and 
coursework taken for informational purposes because teacher content knowledge has an 
affect on student mathematics performance (Reisman, 1993). The identification of students 
creative characteristics section of the Teacher Self-Report is subdivided into two parts. Part 1 
was statements that asked teachers to identify possible behaviors of creative students (items 
8, 10, 12). Part 2 of this section (item 16) highlights 15 different characteristics (i.e. 
persistent, can elaborate, takes risks, has many ideas, etc.) and instructed teachers to indicate 
whether each characteristic describes creative students.  
The Teacher Self-Report was assessed for reliability and validity in the pilot study 
prior to the dissertation research. The purpose of the pilot study was to refine the instrument 
and to obtain reliability and validity data. However, recruitment efforts yielded only ten 
teachers. In order to expand the size of the reliability and validity pool, further statistical 
analysis included the total sample. No subsequent changes, as per IRB regulations, were 
made to the Teacher Self-Report Instrument. The School District of Philadelphias Survey 
Committee Review Board also reviewed and approved the Teacher Self-Report. 
 
Reliability  
The Teacher Self-Report is made up of statements that deal with three primary factors; 
namely, HDT principles, generic influences on learning, and teachers perceptions of 
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students creativity characteristics. As supposed, the overarching construct relates to HDT 
principles, since most items reflect concepts that underlie the HDT process. In order to 
establish Internal Consistency of the Teacher Self-Report, the researcher used the Cronbach 
Alpha. The acceptable alpha of .70 is used to designate a particular scale as internally 
consistent, which means that there is homogeneity among the items. This reflects the idea 
that all factors reflect the HDT process. As shown in Table 3.3 (HDT Self Report Inter-Item 
Consistency), there is a significant inter-item consistency for the Teacher Self-Report as a 
whole ranging from .69-.76.  
Table 3.3 (Teacher Self-Report Inter-Item Consistency) shows the strength of each 
item on the Teacher Self-Report by indicating what the overall Alpha value would be for the 
scale if a particular item was deleted. According to J.C. Nunnelly (1978, p.1), overall, the 
alpha of a scale should be greater than .70 for items to be used together as a scale. This 
reliability test was done so that weak items may be identified on the self-report.  Overall, the 
Teacher Self-Report shows that the Alphas of the individual items when deleted are fairly 
consistent with the overall alpha of .75, which demonstrates internal consistency. Therefore, 
when an item is deleted, if the overall Alpha significantly increases without that item and 
reliability improves without the item, a particular item is considered a weak item.  That was 
not the case with any of the Self-Report items as they were all fairly consistent with the 
overall Alpha level of .75 and none were considered to be spurious items.  However, it is 
interesting to note that, when Item 11 is deleted, the Teacher Self-Report had only a slightly 
lower alpha (.66), which shows that it is a slightly stronger item. (Item 11: I have a breadth 
of knowledge and understanding of the mathematics content that I teach). 
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____________________________________________________________________  
Table 3.3 Teacher Self Report Inter-Item Consistency 
 
Item-total Statistics 
 
Item      Alpha (Total Scale) 
On Self    If Item 
Report         Deleted         
(Source) 
 
HDT3           .7168 
HDT5           .7502 
HDT6          .7447 
HDT7           .7219 
HDT8           .7445 
HDT9           .7081 
HDT10          .7255 
HDT11          .6876 
HDT12          .7506 
HDT13         .7600 
HDT14          .7157 
HDT15          .7398 
HDT1R*         .7491 
 
 
Reliability Coefficients 
N of Cases = 30.0                    N of Items = 13 
 
Alpha =    .75 
*Item 1 Reversed, Item 2 deleted 
_______________________________________________________________________ 
 
Table 3.3 (Teacher Self-Report Inter-Item Consistency) shows the alpha as .75 if item 
2 is deleted. Item number one originally looked as if it were the statement that should be 
deleted, but upon further analysis, it correlated negatively. This statement, I learn a lot about 
my students from parent/guardian contact, is subjective to personal experience and perhaps 
was not viewed as a “could or should” question by teachers.  “If the user obtains negative 
alphas, it means that an item is inconsistently coded. Consistent coding means all items have 
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to be coded so that high values on the items correspond to high values on the total scale 
scores” (Nunnelly, 1978, p.1). Therefore, the scale for item one was reversed and so a 4 
became a 1, 3 became a 2, 2 became a 3, and a 1 became a 4. 
 Item 2, which was found to be inappropriate and not consistent with HDT principles, 
also did not score reliably. It reads, If a child does poorly in mathematics for an extended 
period of time, I firmly tell the student that s (he) must put more time into mathematics. This 
statement does not reflect a diagnostic teaching strategy, which encourages on-going 
assessment, feedback, and teacher support and involvement in diagnosing a mathematics 
weakness. The lack of reliability for this item is consistent with the rule of thumb used by 
experts in the field and was therefore deleted (Nunnelly, 1978, p.1).   
In order to further support the results of the factor analysis (see next section on 
Validity), the Kaiser Meyer Olkin (KMO) coefficient for items 1-15 was used to further 
evaluate inter-item reliability of the Teacher Self Report. The KMO for items 1-15 was .52, 
which is within the range of acceptability. This analysis includes HDT items (1 reversed, 3, 
5,6,9,11), the generic influences on learning items (4, 7, 13, 14, 15), and the teachers 
identification of creativity characteristics (8,10,12,16). 
 
Validity 
In order to validate the scale, the researcher combined data from the study schools (pilot 
school and two study schools) for a sample of 38 teachers. Several scales were constructed 
from the responses to the Teacher Self-Report. The instrument was designed to measure the 
generic influences on learning (items 4, 7, 13, 14, 15), Heuristic Diagnostic Teaching (Items 
1, 2, 3, 5, 6, 9, 11), and identification of students’ creative characteristics (items 8, 10, 12, 
16). 
52 
 
 
As can be seen in Table 3.4, Factor Analysis determined that the items clustered as 
follows: 
• Factor 1: Identifying Generic Influences: Items 7, 14, 15 
• Factor 2: HDT (Mathematics & Professional Development): Items 3, 5, 11  
• Factor 3: Teacher (Creativity as a Generic Influence): Items 4, 8, 13 
• Factor 4: HDT (Teacher Use of HDT): Items 1 (reverse), 6, 9 
• Factor 5: Item 12 (CC12) 
Table 3.4 Factor Analysis 
 
Pattern Matrixa
1.063     
.860     
.653     
     
 .930    
 .719    
 .572    
  .835   
  -.801   
  .667   
   .704  
   .625  
   .517  
    1.022
GI15
GI14
gi7
CC10
HDT5
HDT3
HDT11
CC8
GI13
GI4
HDT9
HDT6
hdt1 reverse
CC12
1 2 3 4 5
Factor
Extraction Method: Alpha Factoring.  
Rotation Method: Promax with Kaiser Normalization.
Rotation converged in 7 iterations.a. 
 
 It is evident that Factor 1, the generic influences on learning (items 7, 14, 15) 
clustered as expected. An example of this item is, I am able to identify students in my class 
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who understand anothers point of view. Factors 2 and 4 relate to the HDT item. The first 
HDT cluster relates to mathematics content and the professional development of teachers 
(items 3, 5, 11) such as, I work at continuing to develop my mathematics knowledge.  The 
second cluster comprises the HDT principles that teachers use in the classroom (items 1 
reversed, 6, and 9) such as, I learn a lot from parent/guardian contact. Factor 3 (items 4, 8, 
13) relates to Creativity as a generic influence such as, I deal with students emotional 
problems first because they might affect their learning and I am able to identify students who 
are creative, because they tend to be non-conformists in the class. These items clustered 
because they deal with the social or emotional behavior of students. Non-conformist behavior 
may be a sign of creativity. Finally, one item (item 12) clustered a fifth factor on creativity. 
This item is, I believe teachers often perceive creative students as behavior problems. Item 
10 did not load high with any of the factors and is, I believe creative students are well-
behaved at school. 
 Table 3.5 (Results of Factor Analysis of Teacher Self-Report) shows the initial factor 
analysis results as compared to the expected factor clusters. As can be seen from the initial 
results, the splitting of the HDT factor and the melding of the generic influences on learning 
and the creativity factors were uncovered at this stage of factor analysis. Upon further 
analysis (see Table 3.6 Results of Factor Analysis of Teacher Self Report Incorporating the 
Creative Characteristics), item 16, which is the fifteen creative characteristics from the 
Teacher Self-Report, was incorporated to reveal new factors. 
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Table 3.5 Results of Factor Analysis of Teacher Self Report  
 
Descriptor Teacher Self 
Report Item 
Factor 1 
ID GI 
Factor 2 
HDT 
Teachers’ 
Math Content/ 
Prof 
Development 
Factor 3 
Creativity as a 
GI 
Factor 4 
HDT 
Teachers’ 
use 
HDT 1 reversed    x 
 2 deleted     
 3  x   
 5  x   
 6    x 
 9    x 
 11  x   
      
(GI)Generic 
Influences  
4   x  
 7 x    
 13   x  
 14 x    
 15 x    
      
Teachers’ ID 
of Student 
Creativity 
8   x  
 10     
 12     
 16 (15 items)      
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Table 3.6 Results of Factor Analysis of Teacher Self Report (Incorporating the Creative 
Characteristics) 
 
Descriptor Teacher Self 
Report Item 
Factor 1 
Negative 
Creativity 
Characteristics 
Factor 2 
Social GI  
& 
Creativity 
Factor 3 
Creativity & 
HDT 
Mathematics 
 
Factor 4 
Emotional 
GI  & 
Creativity 
Factor 5 
Positive 
Creativity 
Characteristics
Factor 6 
Positive 
Creativity 
Characteristics 
HDT * 1 reversed       
 2 deleted       
 3   x    
 5   x    
 6       
 9       
 11       
        
(GI)Generic 
Influences  
4    x   
 7  x     
 13    -x   
 14  x       
 15  x     
        
Teachers’ 
ID of 
Student 
Creativity 
8     x   
 10  x     
 12     -x  
 16 sincere        
 insincere x      
 responsible      x  
 persistent       
 takes risks   x    
 many ideas       
 sensitive to 
problems 
     x  
 can elaborate      x 
 high energy      x 
 irresponsible x      
 low energy x      
 well-behaved       
 ill-behaved x      
 insensitive x      
 shy       
* items in blue load as a single factor – see explanation.  
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When further analysis was conducted in the second factor analysis to incorporate the 
creativity characteristics, additional information was revealed.  Item 16 had 15 creativity 
characteristics to analyze in this second factor analysis and many of them clustered together 
as well as with the generic influences and HDT items. Therefore, a stronger emphasis was 
placed on creativity in the second analysis.  There are several factors and they all comprise 
some aspect of creativity. The items clustered as follows: 
• Factor 1: Negative Creativity Characteristics: Item 16 (insincere, irresponsible, low-
energy, ill-behaved, insensitive) 
• Factor 2: Social Generic Influences & Creativity: Items 7, 10, 14, 15  
• Factor 3: Creativity & HDT Mathematics: Items 3, 5, 16 (takes risks) 
• Factor 4: Emotional Generic Influences & Creativity: Items 4, 8, (-13) 
• Factor 5: Positive Creativity: Items (12), 16 (responsible, sensitive to problems) 
• Factor 6: Positive Creativity (Mainstream): Item 16: (can elaborate, high energy) 
The creativity characteristics generally clustered into positive and negative  
categories. Factor 1 shows negative characteristics and Factor 5 and Factor 6 show the 
positive creative characteristics. In fact, the characteristics from Item 16 that Factor 5 
comprise (responsible and sensitive to problems) have a negative correlation with creative 
students being ill-behaved. This group would think of creative students as being well-
behaved. Factor 6 characteristics are the more mainstream creative characteristics such as 
elaborating and having lots of energy.  
Factor 2 and Factor 4 support the findings from the initial factor analysis (Table 3.5), 
which bridged the generic influences and the creativity characteristics. Factor 2 melds the 
social generic influences with statements such as, I am able to identify students in my class 
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who understand anothers point of view and I am able to identify students in my class who 
have empathy for others, with the creativity characteristics. This factor also clustered the 
teachers who identified students who do not pay attention to details, which is a cognitive 
generic influence, though it can be related to social influences such as cues in the 
environment. Factor 4 bridges the emotional generic influences on learning with the 
creativity characteristics. For example, teachers who stated that they deal with students 
emotional problems first because they might affect their learning also identify students who 
are creative as non-conformists. Again, these factors clustered as before in the initial factor 
analysis, which emphasizes this particular generic influence and creativity characteristic 
connection.  
Factor 3 clustered the HDT items that deal with mathematics, specifically teachers 
mathematics content and using HDT to develop students mathematics content. This factor 
also tied the creativity characteristic of risk-taking to these two HDT items. A willingness to 
take risks is important in mathematics learning, in particular in mathematics problem-solving 
situations where options and outcomes must be evaluated (Reisman & Kauffman, 1980, p.12) 
A few additional items loaded as single factors. Item 6 on the Teacher Self-Report which has 
been found to be an important HDT item loaded as a single factor, If a child does poorly in 
mathematics for an extended period of time, I conduct a diagnostic test to find out the 
problem that s(he) is having. The reversed Item 1, I learn a lot from parent/guardian contact 
and the creative characteristic, having many ideas also loaded as single factors. Table 3.7 
(Factor Analysis Including Creativity Characteristics) shows the completed factor analysis. 
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Table 3.7 Factor Analysis (Including Creativity Characteristics) 
Pattern Matrix a
1.013         
1.013         
1.013         
.836         
.836         
 .918        
 .906        
 .801        
 .609        
         
  .856       
  .846       
  .690       
         
   .891      
   .785      
   -.725      
         
    .912     
    -.833     
    .609     
     .795    
     .725    
         
      1.009   
       -.961  
         
        .814
         
Teacher believes creative
student is insensitive
(CC16)
Teacher believes creative
student is ill-behaved
(CC16)
Teacher believes creative
student is irresponsible
(CC16)
Teacher believes creative
student has low energy
(CC16)
Teacher believes creative
student is insincere
(CC16)
Teacher can identify
students who miss
details (GI7)
Teacher is able to identify
students who understand
others (GI14)
Teacher is able to identify
students who have
empathy (GI15)
Teacher believes creative
students well-behaved
(HDT10)
Teacher knows students
strengths (HDT9)
Use assessments to
guide instruction (HDT3)
Teacher is life-long math
learner (HDT5)
Teacher believes creative
student takes risks
(CC16)
Teacher has broad
knowledge in math
(HDT11)
Teacher able to identify
non-conformists as
creative (CC8)
Address emotional
problems before teaching
(GI4)
Teacher is able to identify
students who use
diplomacy (GI13)
Teacher believes creative
student is persistent
(CC16)
Teacher believes creative
student is sensitive to
problems (CC16)
"I believe teachers
perceive creative students
as behavior problems."
(CC12)
Teacher believes creative
student is responsible
(CC16)
Teacher believes creative
student can elaborate
(CC16)
Teacher believes creative
student has high energy
(CC16)
Teacher believes creative
student is sincere (CC16)
Use assessments to
diagnose student needs
(HDT6)
Teacher believes creative
student has many ideas
(CC16)
Teacher believes creative
student is shy (CC16)
Teacher does not learn
about student from parent
contact (HDT1r)
Teacher believes creative
student is well-behaved
(CC16)
1 2 3 4 5 6 7 8 9
Component
Extraction Method: Principal Component Analysis.  
Rotation Method: Promax with Kaiser Normalization.
Rotation converged in 20 iterations.a.  
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Content validity on the questions related to Heuristic Diagnostic Teaching (HDT), the 
generic influences on learning, and creativity which structure this instrument emerged from 
review of the literature and meetings with researchers in the field who reviewed and provided 
feedback on the entire Teacher Self-Report.  
 
3.7 Chapter Summary 
 This is a descriptive exploratory study with ideas that emerge from the data and is a 
mixed method research design. This study's main purpose was to investigate teachers' 
reported use of the HDT principles in their classrooms and whether teachers who use this 
process identify students creative characteristics and generic influences on learning. In 
addition, the relationship between teachers HDT use and their students mathematics 
performance was explored. The study also analyzed whether there is a relationship between 
teachers figural creativity strengths and their ability to identify students creative 
characteristics. Participants were from three schools in the West, Northwest and Central 
regions of the School District of Philadelphia. Teachers took the Teacher Self Report and the 
Figural portion of the Torrance Tests of Creative Thinking. The standardized mathemathics 
scores of participants students were analyzed. All of the assessments selected for use in this 
study were reliable and valid measures. The Teacher Self Report Instrument that was 
designed for use in this study was found to be reliable in a Cronbach Alpha test of internal 
consistency and valid in a content validity reviews with experts and in factor analysis. Items 
grouped into predicted clusters, yet there was an interesting split between the HDT factors 
which demonstrated that there is a specific designation between HDT diagnostic principles 
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and those principles that are related to mathematics content knowledge and teacher 
professional development. Further, there was overlap between the generic influences on 
learning and the creative characteristics, specifically the behavior of students associated with 
creativity. Further analysis showed a distinctive separation between the positive creativity 
characteristics and the negative creativity characteristics, with more overlap of the positive 
characteristics (risk taking) with mathematics.  
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Chapter 4. RESULTS 
4.1 Overview of Research 
Heuristic Diagnostic Teaching (HDT) is a process whereby cognitive, social, and 
emotional influences on learning that may contribute to the learners performance are 
assessed. Instructional strategies based upon this assessment are then implemented. Although 
HDT may apply to all content, mathematics was the focus of this research project.  
Relationships were studied between teachers self-reported use of the HDT process 
(HDT teachers) and their self-reported identification of student observable characteristics that 
may contribute to learner performance in mathematics such as 1) generic influences on 
learning (e.g. social, emotional, cognitive, sensory, and physical factors), and 2) students 
creative characteristics. The teachers perceived use of HDT principles and students class-
wide mathematics performance also were explored for relationships. Additionally, the 
relationship between teachers figural creativity, as indicated on the figural portion of the 
TTCT, and teachers identification of student creative characteristics were examined. It was 
expected that teachers own figural creativity would correlate with their ability to identify 
students creative characteristics. Although the literature shows that teachers have not 
generally identified creative characteristics of students, perhaps a teacher with high figural 
creativity would be more apt to identify a creative student. 
Further, the researcher expected that there would be a significant correlation between 
HDT teachers and their identification of students generic influences on learning because the 
generic influences are an integral part of the HDT approach. Another expected finding was 
that there would be a correlation between HDT teachers and their identification of students 
creative characteristics because of the HDT models focus on individual student 
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characteristics. However, in this case teachers were not able to identify the creative 
characteristics due to teachers lack of knowledge about them. It also was expected in this 
exploratory study that HDT teachers would have higher class-wide mathematics scores 
because the principles associated with HDT contribute to student achievement (as discussed 
in Chapter 1).  
During the process of this exploratory study, additional research questions emerged 
from the data, as is the nature of exploratory study. These research questions are as follows: 
1) Is there a relationship between teachers Creative Strengths on the 
Figural TTCT and their identification of students creativity characteristics? 
2) Is there a relationship between teachers mathematics courses completed 
and their stated use of HDT principles? 
3) Is there a relationship between TerraNova standardized subtest scores and 
teachers stated use of HDT principles? 
4) Is there a relationship between PSSA school-wide scores and teachers 
stated use of HDT principles? 
 
 
4.2 Creativity Results 
4.2a Creativity Correlations: Teachers Figural and Identification of Students 
Creativity Characteristics 
 
Scholastic Testing Services (STS) scored the Torrance Tests of Creative Thinking 
Figural Form (TTCT). Individual figural creativity scores were provided for each participant. 
The average of the individual standard score reflects an individuals overall figural creative 
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potential. The average measure of standard score is comprised of the following figural 
strength areas: flexibility, fluency, originality, abstractness of titles, and resistance to 
premature closure or openness. Creative strengths for each teacher are also provided and 
include evidence of emotional expressiveness, storytelling, movement, expressiveness of 
titles, synthesis of lines, synthesis of figures, unusual visualization, internal visualization, 
breaking boundaries, humor, richness of imagery, colorfulness of imagery, and fantasy. For 
the purpose of this study, the creative potential or average standard score for each 
participating teacher was analyzed. The figural scores of teachers (N=26) were correlated 
with the mean scores of items on the Teacher Self-Report (N=38) that investigate if teachers 
identify students creativity characteristics, specifically items 8, 10, 12, and 16a-o. The 
correlations between teacher scores on the Torrance Tests of Creative Thinking (Figural) and 
identification of student creative characteristics were not significant (r = .105, p< .05). 
Further analysis of the creative strengths found that two of the creative strengths, movement 
and richness of imagery, had a significant relationship with teachers’ identification of 
creative characteristics on the Teacher Self-Report (r=.339, p< .05), (r=.382, p< .05) 
respectively. 
 
4.3 Teachers’ Creative Strengths 
The teachers own figural creativity did not have a significant relationship with his or 
her ability to identify students creativity characteristics. However, the Repeated Evidence 
pattern reflected that 96.55% of teachers broke out of the boundaries in their drawings, which 
is a TTCT creative strength (see Table 4.1, Teachers Creative Strengths).
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Table 4.1: Percent of Teachers Demonstrating Creative Strengths as Measured by the 
TTCT (Figural)  
 
_______________________________________________________________________ 
Creative Strength      No    Some    Repeated 
Evidence           Evidence Evidence 
_______________________________________________________________________ 
Emotional Expressiveness  96.67   3.33   0 
Storytelling    27.60   37.90            34.00 
Movement    51.72   48.28   0 
Expressiveness of Titles  89.66   10.34   0 
Synthesis of Lines   96.55     3.45   0 
Synthesis of Figures                100.00     0   0 
Unusual Visualization  41.38   51.72   6.90 
Internal Visualization  79.31   20.69   0 
Breaking Boundaries  3.45     0  96.55 
Humor    100.00     0   0 
Richness of Imagery   82.76   17.24   0 
Colorfulness of Imagery  27.59   37.93            34.48 
Fantasy    89.66   10.34   0 
__________________________________________________________________ 
N=26 
In addition to the repeated evidence, the teachers showed patterns in absence of 
evidence (no evidence) of creative thinking as shown on Table 4.2  (Teachers Creative 
Strengths). The absence of evidence category demonstrated that 79 to100 percent of the 
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teachers received no credit for emotional expressiveness, expressiveness of titles, synthesis 
of lines, synthesis of figures, internal visualization, use of humor, richness of imagery, and 
fantasy.   
 
4.4 Teachers Identification of Students Creativity Characteristics Discussion  
As evidenced in Table 4.2 (Students Creativity Characteristics Identified by 
Teachers), teachers in this study had somewhat consistent views about what characteristics 
defined creativity in their students. Interestingly, the literature supports the results. 
Table 4.2 Students Creativity Characteristics Identified by Teachers 
 
 
 
 
 
 
 
 
 
 
 
 
 
N=38 
# Times 
Student 
Creative 
Characteristic 
 Identified by 
Teacher 
Creative Characteristics 
2 Low Energy 
3 Insincere 
3 Irresponsible 
3 Ill-behaved 
3 Insensitive 
4 Shy 
7 Well-behaved 
12 Responsible 
15 Sensitive to problems 
16 Sincere 
17 High energy 
18 Persistent 
25 Can elaborate 
28 Takes risks 
32 Many ideas 
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The leading five characteristics that the majority of the teachers identified as those 
being student creative characteristics by indicating as such on the Teacher Self-Report 
were fairly consistent: having many ideas (32 teachers indicated that this was a creative 
characteristic), taking risks (28 responses), can elaborate (25 responses), persistence (18 
responses), and having high energy (17 responses).   
The next highest rated characteristics that teachers marked yes as a characteristic of 
 a creative student were as follows: responsible (12), sensitive to problems (15), and sincere 
(16), none of which are generally considered as creative characteristics. The response 
sensitive to problems was rated by a high number of teachers (15) as a creative characteristic. 
However, sensitivity to problems has often been associated with creative individuals so it 
was not surprising that many teachers would identify this as a creative characteristic 
(Gardner, 1993). The other two characteristics in this next set, sincere and responsible, rank 
towards the middle of the range, and are much more highly identified by teachers than some 
of the slightly negative characteristics that may be more in line with a creative individual.  
According to Dawson (1997) sincere and responsible are the two characteristics that 
teachers continue to attribute to creative children because they are pleasant to communicate 
with and have in the classroom. Many teachers identify only positive creative characteristics 
(Sternberg, 2000). 
The low-rated creativity characteristics as identified by teachers in this study as 
shown in Table 4.2 (Creativity Characteristics Identified by Teachers) are the negative 
creativity characteristics. These are the creativity characteristics that are often overlooked, 
for example: ill behaved (3) where more teachers attributed well behaved as a student 
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creativity characteristics (7). Other examples include, shy (4) which may be a creative 
individual deeply focusing on what he or she is doing. Other characteristics include 
irresponsible (3) as viewed by a teacher, also can be seen as defiant or disorganized. Also the 
negative creativity characteristic produced few responses, which may be likely due to a lack 
of teacher awareness of the fact that these characteristics may be indicative of creativity. 
This study supports existing literature (Feist, 2000) that teachers identify students as 
creative with a set of characteristics that are generally social and positive such as having high 
energy, ability to elaborate, and having many ideas. It also demonstrates a tendency for 
teachers to overlook creative students with negative or less social characteristics such as shy 
or ill-behaved. This could, in turn, have an affect on the nurturing of this population of 
students creativity and perhaps their academic achievement. 
 
4.5 HDT Self Report Correlations  
The results on the HDT Teacher Self-Report show that there was a significant 
correlation between teachers who report to use HDT principles (HDT teachers) and their 
identification of the generic influences on learning in students, but no significant correlation 
with HDT when identifying the student creative characteristics. The results found here is that 
teachers typically do not identify characteristics of creativity in students, as they are often not 
aware of the characteristics of creative students (Dawson, 1997).  However, teachers can 
identify individual characteristics represented by generic influences on learning as these are 
commonly known and associated with familiar behaviors  (e.g., attention to detail, memory, 
extreme behaviors, empathy, rate of learning compared to peers).  
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The significant correlation (r=.36, p< .05) was between teachers who reported using 
HDT principles and those who identified students generic influences. Therefore, there is a 
positive linear relationship between the two variables. The more teachers use HDT 
principles, the more they identify students generic influences on learning. However, teachers 
who reported using HDT principles and those who identified students’ creative 
characteristics did not have a significant relationship (r= -.065, p<.05).  
Table 4.3 Descriptive Statistics Teacher Self-Report   
 
38 3.01 .50
38 3.25 .50
38 .64 .20
HDT first order factor
Generic Influences first
order factor
Creative Characteristics
revised mean 8 10 12
16a to 16o
N Mean Std. Deviation
 
Table 4.3 (Descriptive Statistics on the Self Report) shows the mean score used for 
each of the variables. The Teacher Self-Report ranged from one (strongly disagree) to four 
(strongly agree) for attitude questions and on action-oriented questions the range was one 
(never) to four (always). The mean hovers around a three with a .50 standard deviation for 
HDT and the generic influences on learning items. The questions on creativity (items 8, 10, 
and 12) shared the same range, but number 16 was assigned a rating of 0 (blank) or 1 (if 
teacher placed a check mark next to the item indicating that they thought it was a student 
creativity characteristic). The mean was .64 (based on a 0-1 scale) and the standard deviation 
of this variable was .20. 
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4.6 HDT and Student Mathematics Content 
 
For the ten subjects examined in this phase of the study, there was a positive 
relationship between teachers use of HDT principles and students mathematics scores. The 
positive relationship between the two factors (HDT and Student Mathematics Scores) was 
expected and the low mathematics scores that correspond to the teacher with the highest 
HDT use represents a class with special learning needs (academically challenged in 
mathematics). Data was analyzed in order to understand the relationship between teachers 
self-reported use of HDT principles and students class-wide mathematics achievement. 
Once HDT was above 3.2, math scores began to drop. The 3.2 rating was part of a one to 
four scale where four (always) ranks the highest and one ranks the lowest (never). As this 
topic was explored, mathematics class-wide data could only be obtained for ten teachers due 
to inconsistency in reporting amongst participating schools (some schools report by total 
grade not by individual class), and there was a lack of response in some cases.  
In analyzing the ten cases, however, the interesting data points are the teacher with 
the highest TerraNova class-wide Mean Normal Curve Equivalent (MNCE) score (about 49) 
and the teacher with the lowest MNCE score (about 11). The teacher with the lowest MNCE 
score had a much higher HDT score than all the other teachers. This teachers HDT was 
about a 3.7, which appears to be spurious, though on second glance, a teacher who has an 
academically challenged class may draw upon HDT principles at a greater rate. The teacher 
(#6) with the highest MNCE score rated him or herself about 3.17 (1-4 scale, 4 is strongly 
agree) in the use of HDT principles, which is the highest teachers self-reported use of HDT 
as related to students successful mathematics scores. This will be discussed further in 
Chapter 5 (Discussion). 
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Table 4.4 Student Mathematics Scores by Teacher 
 
 
Teacher # HDT 
(Self-Report) 
Student Math  
Scores (MNCE) 
1 3.17 43.80 
2 3.67 11.40 
3 3.17 41.20 
4 3.00 40.70 
5 3.00 44.10 
6 3.17 49.80 
7 3.00 47.60 
8 3.33 38.00 
9 3.17 42.90 
10 2.83 42.40 
Total N=10   
 
 
Further analysis explored the Teacher Self-Report using HDT items (1 reversed, 3, 5, 
6, 9, 11, GI4) and standardized mathematics data. Teacher Self-Report item GI4 was 
included in addition to the HDT items as the content of the item related to this HDT 
methodology. Table 4.5 (Teacher Self-Report HDT Items and TerraNova Mathematics 
Strands) shows the relationship between HDT items and TerraNova mathematics subtest 
strands. The strands that were analyzed were: numbers and operations 1 and 2, measurement, 
geometry, algebra, probability, and problem solving. The results indicate that teachers who 
report to use HDT item 3, When I discover mathematics weakness in certain students after an 
assessment is given, I incorporate this information into my instruction, have a significant 
positive relationship to students Algebra TerraNova subtest scores (r=.604, p<.05).  
Table 4.6 (Teacher Self-Report HDT Items and PSSA Mathematics Scores) shows the 
Teacher Self-Report HDT items (1 reverse, 3, 5, 6, 9, 11, CC10) and includes the creativity 
characteristic item 10, I believe creative students are well-behaved at school. HDT item 3 
(see above) was again significant (r=.285, p,<.05). Another HDT item in this test that was 
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significant, was HDT item 9, I know my students’ learning strengths. HDT item 3 was 
significant in both of the standardized tests that were explored (TerraNova and PSSA) and is 
a question that really gets to the heart of the HDT process as it polls teachers on their practice 
of discovering students’ mathematical weaknesses based on assessment data and how they 
may adapt instruction to account for those weaknesses. 
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Table 4.5 Teacher Self-Report HDT Items and TerraNova Mathematics Strands 
 
 
 
HDT  
ITEM 
 
 percent 
mastery 
numbers 
& 
operation 
1 
percent 
mastery 
numbers 
& 
operation 
2 
percent 
mastery 
measuremt 
percent 
mastery  
geometry 
percent 
mastery 
algebra   
percent 
mastery   
probabl. 
percent 
mastery 
prob. 
solving  
HDT3 
Use 
assessments to 
guide 
instruction 
Correlation 
Sig. (2-tailed) 
N 
-.007 
.980 
15 
.116 
.682 
15 
-.022 
.938 
15 
.089 
.751 
15 
.604 
.024** 
13 
-.020 
.943 
15 
.348 
.203 
15 
HDT5 
Teacher is 
life-long math 
learner  
Correlation 
Sig. (2-tailed) 
N 
.046 
.866 
16 
-.227 
.397 
16 
-.135 
.618 
16 
-.169 
.532 
16 
-.164 
.576 
14 
.062 
.821 
16 
.032 
.905 
16 
HDT6 
Use 
assessment to 
diagnose 
student needs 
Correlation 
Sig. (2-tailed) 
N 
-.127 
.652 
15 
.244 
.381 
15 
.103 
.714 
15 
.127 
.652 
15 
.337 
.260 
13 
-.195 
.487 
15 
-.047 
.868 
15 
HDT9 
Teacher 
knows student 
strengths 
Correlation 
Sig. (2-tailed) 
N 
-.157 
.562 
16 
-.068 
.802 
16 
-.122 
.652 
16 
-.138 
.610 
16 
-.235 
.420 
14 
-.215 
.425 
16 
-.338 
.201 
16 
HDT11 
Teacher has 
broad 
knowledge in 
math 
Correlation 
Sig. (2-tailed) 
N 
-.134 
.662 
13 
.191 
.533 
13 
-.011 
.972 
13 
.087 
.777 
13 
.410 
.211 
11 
-.192 
.529 
13 
.030 
.923 
13 
HDT1 
(Reverse) 
Teacher does 
not learn 
about student 
from parent 
contact 
Correlation 
Sig. (2-tailed) 
N 
.232 
.405 
15 
-134 
.635 
15 
-.257 
.355 
15 
-.205 
.463 
15 
.074 
.809 
13 
.025 
.929 
15 
.172 
.540 
15 
GI4 Knows 
that emotions 
may affect 
learning 
Correlation 
Sig. (2-tailed) 
N 
-.333 
.208 
16 
.091 
.737 
16 
.021 
.938 
16 
-.159 
.557 
16 
-.048 
.872 
14 
-.445 
.084 
16 
-.292 
.273 
16 
 
** significant in a 2 tailed test, p<.05 
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Table 4.6 Teacher Self-Report HDT Items and PSSA Mathematics Scores 
 
 Correlation
1.00
. 
36 
.23
.08
34 
--
.19
32 
.28
.05*
34 
.08
.32
35 
.18
.15
33 
-
.02
35 
-
.18
35 
.10
.27
32 
.12
.22
36 
Pearson 
Sig. (1-
N 
Pearson 
Sig. (1-
N 
Pearson 
Sig. (1-
N 
Pearson 
Sig. (1-
N 
Pearson 
Sig. (1-
N 
Pearson 
Sig. (1-
N 
Pearson 
Sig. (1-
N 
Pearson 
Sig. (1-
N 
Pearson 
Sig. (1-
N 
Pearson 
Sig. (1-
N 
HDT Items 
Teacher does not 
about student from 
contact 
If a student does 
math, I tell student 
more time in 
Use 
guide instruction 
Teacher is life-long 
learner 
Use 
diagnose student 
(HDT
Teacher knows 
strengths 
Teacher believes 
students well-
(HDT1
Teacher has 
knowledge in 
(HDT1
HDT first order 
Average  
 
 
* significant in a 1 tailed test, p<.05
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The participating Philadelphia schools struggled with student mathematics scores as a 
whole. This years mathematics scores in the Philadelphia School district are still low. A 
trend was discovered between teachers higher-level mathematic courses and lower self-
ratings of using HDT principles. The low HDT group (higher content) reportedly had the 
higher student mathematics class-wide scores. The teacher who had the lowest student math 
scores (special needs class) rated highest in use of HDT.  
Teachers mathematics content knowledge plays a role in how they teach 
mathematics (Tirosh, 2000). Teachers in this study were asked in the demographic section of 
the Teacher Self-Report to indicate mathematics foundations courses taken and how they 
perceived themselves as continuing to develop as a mathematics teacher. As can be shown 
from the results from Item #5, I continue working to developing my mathematics knowledge 
on the Teacher Self-Report, 81 percent of teachers rate that they agree with this statement in 
their current profession as a teacher. Among the teachers who participated in this study, there 
were a variety of self-reported content courses taken in Teacher Education programs. Table 
4.7 (College Mathematics Courses Taken) shows the breakdown by percent of the 
mathematics content studied by the 38 participating teachers. The highest rankings for 
courses (at least 50%) that teachers report to have taken are the following three courses: 
Mathematics for Elementary Teachers, Basic Mathematics, and Algebra. Math Fundamentals 
and Statistics follow behind in the 30% range. Less than 20 % of the teachers report to have 
taken an upper level mathematics course. 94% of the respondents also report having passed 
all of the mathematics courses taken, while 6% failed one or more.  
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Table 4.7 College Mathematics Courses Taken  
 
________________________________________________________________________ 
Course      Percent Who Took Course 
________________________________________________________________________ 
Elementary Teacher Mathematics   60.5 
Basic Mathematics     52.6 
Algebra      50 
Mathematics Fundamentals   34.2 
Statistics      31.6 
Analysis      18.4 
Calculus      13.2 
Trigonometry     10.5 
Pre-calculus      10.5 
Finite Mathematics       7.9 
Other         2.6 
________________________________________________________________________N=
38 
The majority of teachers who participated in this study (24%) have taken 3 
mathematics courses, followed by one, two, or four courses (17%), and then a few (2%) took 
five or more mathematics courses. Still it seems that some teachers are feeling unprepared to 
teach mathematics at the level that they are being asked to teach. According to item 11 on the 
HDT Self Report, I have a breadth of knowledge and understanding of the mathematics 
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content that I teach- 79% of the teachers agreed or strongly agreed with the statement and 
21% disagreed or strongly disagreed indicating that many teachers are still in need of 
professional development in mathematics content. 
 
4.7 Chapter Summary  
This study has uncovered new findings and supported existing research in the fields 
of mathematics education and applied creativity. Findings in this study have shown that those 
teachers who use the diagnostic teaching approach also identify students who have specific 
generic influences on learning such as social, emotional, or cognitive issues that can affect 
mathematics learning. When looking at the specific item (Item # 3: When I discover 
mathematics weaknesses in certain students after an assessment is given, I incorporate this 
information into my instruction) on the Teacher Self-Report that captures the heart of 
Heuristic Diagnostic Teaching, there is significance in specific mathematical strands on the 
standardized mathematics assessments. Teachers who reported using HDT (Item 3) had a 
significant correlation with their students Algebra scores on the TerraNova tests as well as 
their overall PSSA tests across the three schools in this study.  
Teachers own figural creativity, as measured by the Torrance Tests of Creative 
Thinking, is not a factor when they identify students creative characteristics in a classroom 
setting. When the creativity subtests were analyzed, however, there was a significant 
relationship between the teachers who demonstrated evidence of movement and richness of 
imagery and identifying creativity characteristics in students. Neither teacher creativity nor 
teacher use of HDT principles are factors that correlate with teachers ability to identify 
students creativity characteristics which reflects the literature in the field of creativity that 
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teachers do not typically identify creativity in students. In some cases, however, teachers 
have awareness of creativity factors; and most often identify positive characteristics. Further, 
there is a positive relationship between teachers’ use of HDT principles and students’ 
mathematics scores. When data was analyzed further, item HDT 3 which captures the HDT 
process was found to be significant with subtest strands for both the TerraNova and the 
PSSA standardized tests. 
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Chapter 5. DISCUSSION 
 
This study set out to explore teachers use of HDT principles and their figural 
creativity to see if there was a relationship with their ability to identify students creative 
characteristics. It was expected that these two descriptors would have a significant 
relationship with the identification of their students creative characteristics. However, these 
factors, HDT and teachers figural creativity did not have a significant effect on the teachers 
ability to identify students creative characteristics.  
An interesting contrast to the results of the teachers HDT findings with their 
identification of students creativity characteristics was the significant relationship between 
the teachers use of HDT principles and those who identified students generic influences on 
learning. It suggests that the teachers are able to identify learner characteristics (generic 
influences) using the HDT principles as expected. In the case of this study, as shown in 
previous studies, teachers may lack knowledge about the creativity characteristics and 
therefore could not identify them. In particular, teachers often do not identify less favorable 
characteristics especially those that may not be valued as creative in classroom settings (shy, 
ill-behaved).  
The teachers overall figural creativity scores had no significant effect on whether 
they identified creativity characteristics in their own students. However, patterns of creative 
strengths were shown to be evident among the group. For example, this group of teachers 
nearly all showed repeated evidence of breaking boundaries in their figural drawings and 
almost none of them demonstrated use of humor, synthesis of figures, synthesis of lines, and 
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emotional expressiveness. These results lend support to the idea that ones creativity can be a 
function of context and teachers conceptual understanding of creativity may be similar to 
those in similar environments (coworkers in this case) (Sternberg, 2000). Further, when 
teachers creative strengths were analyzed, richness of imagery and movement were two 
that had a significant relationship with teachers ability to identify students creative 
characteristics.  
Another timely educational issue that this study explored was the relationship among 
teachers who use the Heuristic Diagnostic Teaching principles and their students class-wide 
mathematics scores. It was expected that there would be a positive relationship between 
teachers who use HDT principles and their students mathematics achievement because the 
HDT process is designed to alleviate mathematics weaknesses and maximize strengths 
(Reisman, 1987). According to Reisman (1987), the HDT process combines mathematics 
content being taught with specific learner characteristics such as learning style, creativity 
characteristics, and generic influences on learning. For the ten subjects examined in this 
phase of the study, there was a positive relationship between teachers use of HDT principles 
and students mathematics scores. The positive relationship between the two factors (HDT 
and Student Mathematics Scores) was expected and the low mathematics scores that 
correspond to the teacher with the highest HDT use represents a class with special learning 
needs (academically challenged in mathematics). There are several possibilities why this 
teacher may use many HDT strategies, but mainly because he or she would need to 
individualize learning in a special needs classroom, perhaps more than in any other 
environment. 
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 When subtests scores on the two standardized tests used by the district, TerraNova 
and PSSA, were analyzed with HDT items from the Teacher Self-Report there was a 
significant relationship with one particular item: HDT Item 3, When I discover mathematics 
weaknesses in certain students after an assessment is given, I incorporate this information 
into my instruction.  This item captures the heart of the HDT process and seems to garner 
results (mathematics achievement) when applied in a classroom setting. 
 
5.1 Creativity 
Teachers appear to have a pre-determined concept of what creativity is and therefore 
select characteristics to define creative students that match their own definition of creativity. 
Much of the literature indicates that ones understanding of creativity is based on his or her 
worldview and may even be stereotypical (Sternberg, 2000). In many of todays schools, 
knowledge of creativity is based on its application in the curriculum or teachers 
preconceived ideas (Sternberg, 2000). Exposure and understanding of the concept by 
teachers, scientists, engineers, and businessmen alike can be subjective and based on a 
particular industrys application. For example, scientists and engineers are commonly 
interchanging the concepts, creativity and innovation, insofar as the two ideas support one 
another. In the teaching field, creativity is often associated with lessons that are hands-on and 
engaging. Sternberg (2000) discussed implicit definitions that parents and teachers have of 
creativity that include positive characteristics such as adventurous, artistic and curious 
(p.44). Other findings show that teachers recognize creative characteristics in students when 
they are social, such as friendly and cheerful (Runco, 1993).  
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The Everyday Mathematics Curriculum (Everyday Math, 2003) used in 
Philadelphia schools seeks to address critical problem solving. Some facets of this 
curriculum propose to parallel creative thinking by providing hands-on, discussion-based 
activities that introduce new ideas to students in a cooperative learning format. However, 
these terms that characterize Everyday Math do not reflect the scope of creativity. Teachers 
in this study use Everyday Math, which may account for their understanding of creative 
characteristics. The three most highly rated student creative characteristics, as identified by 
teachers on the Teacher Self Report, are students with many ideas (32 teachers identified this 
creative characteristic), students who take risks (28 teachers identified this creative 
characteristic) and students who elaborate (25 teachers identified this creative characteristic).  
Although teachers in this study were not directly observed implementing the curriculum, it is 
interesting to note that many teachers identified two characteristics that are aligned with the 
values of the programs discussion and cooperative-based format: having many ideas and 
elaborating. Taking risks is also involved in sharing ideas in a group forum.   
Many teachers selected sincere (16) and responsible (12) as characteristics to identify 
a creative student, which is often the stereotypical view that one has of a creative child 
(Dawson, 1997). Often the characteristics that are considered to be negative in a student are 
not identified as creative, as was the case in this study as indicated on the HDT Self Report. 
On the scale, most of the negative creative characteristics were rarely chosen. For example, 
three negative characteristics that most teachers did not identify as creative were, shy (4 
teachers indicated this a creative characteristic), insensitive (3), and ill-behaved (3) which 
could all be manifestations of a student who is uninterested in details, likes to question 
authority, shows indifference to common practices, is withdrawn, intolerant, mentally 
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overactive, forgetful and/or whose mind wanders (Bonk, 1998).  Shaklee (1992), points out 
that teachers fail to recognize this group of creative students because these students may be 
less mature or are not considered classroom stars.  
According to the results of this study, teachers overall scores on the Torrance Tests 
of Creative Thinking (TTCT) Figural had no significance with the teachers identification of 
students creative characteristics. Teachers who scored high were no more likely to identify 
creative characteristics of students than those teachers who scored low. These findings 
suggest that understanding and recognizing creativity, as well as identifying students who are 
creative, is knowledge that must be learned through education and professional development, 
not necessarily through the first-hand experience of being creative. However, when teachers 
creative strengths were analyzed, richness of imagery and movement did have a significant 
relationship with their ability to identify students creative characteristics. In other words, the 
teachers who displayed drawings on their TTCT figural test with movement and richness of 
imagery could identify students creative characteristics on the Teacher Self-Report. These 
results are interesting because few teachers displayed these strengths  (of the 27, zero showed 
repeated evidence in these two categories, under 50% showed some evidence), whereas 
100% of teachers demonstrated repeated evidence of other creative strengths across the 
schools. For example, the creative strength breaking of boundaries that did not correlate with 
the identification of students creative characteristics, was a strength among the group. 
Certainly, this seems to show that creativity and how it is applied in a school context in some 
cases is learned and the approaches are shared among a group. This phenomenon of effect of 
school culture and context can be examined further in future research. 
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5.2 Heuristic Diagnostic Teaching and Generic Influences 
The Heuristic Diagnostic Teaching model is based on several components such as 
assessment, content knowledge, observation, and continuous feedback. There was a 
correlation in this study between teachers who report using the principles associated with 
HDT and those who identify the generic influences on learning in their students. The generic 
influences on learning are observed learner characteristics such as social, emotion or 
cognitive characteristics that may affect student learning. However, the same correlation was 
not found between the HDT teachers and teachers who identified creative characteristics. 
Again, teachers may be more familiar with the behaviors associated with the generic 
influences on learning (empathy, behavior, mental processes) and not as knowledgeable 
about the creativity characteristics (positive and negative) when attempting to observe and 
identify them.  
Interestingly, some overlap was discovered between the social and emotional generic 
influences and particular creative characteristics. For example, the emotional generic 
influences on learning such as becoming overly upset has also been associated with the 
creative behaviors such as having greater emotional disturbance, sensitivity, and impulsivity, 
yet creative individuals often have the ability to think analytically and use self-control when 
dealing with problems (Dacey & Lennon, 1988). The social generic influences such as 
following rules of conduct, relating to peers and adults, following cues in the environment to 
acting appropriately, and having a balance of autonomy and dependency relate to many of 
the positive and negative creativity characteristics dealing with behavior and the social 
aspects of a creative individual. For example, creative individuals are more independent of 
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others opinions and are inclined to be involved in independent activities (Dacey & Lennon, 
1988). Creative individuals may in some situations lack the balance of the rules of conduct, 
as well as the balance between autonomy and dependency. In some cases, the creative 
characteristics and behaviors can be explained as social and emotional generic influences on 
learning and may serve for identifying creative students. Furthermore, this could provide a 
framework for teacher professional development as well as being incorporated into teacher 
preparation programs.  
 
5.3 Heuristic Diagnostic Teaching and Mathematics  
For the ten subjects examined in this phase of the study, there was a positive 
relationship between teachers use of HDT principles and students mathematics scores. The 
TerraNova mathematics subtest strands and overall PSSA standardized mathematics test data 
also showed a positive relationship between PSSA data and TerraNova strand item (Algebra) 
and HDT item 3.  The positive relationship between the two factors (HDT and Student 
Mathematics Scores) was expected because HDT is a successfully proven strategy for 
teaching mathematics content. This is supported by the data provided by the past success of 
students who were instructed with this approach, both anecdotal and empirical (as 
implemented in the Drexel Diagnostic Mathematics and Science Learning Lab discussed in 
Chapter 1). 
The low mathematics scores that correspond to the teacher with the highest HDT use 
represents a class with special learning needs (academically challenged in mathematics). In 
fact, for the ten teachers whose class-wide mathematics scores were available, teachers rate 
themselves up to 3.2 (on the 1 to 4 scale), which represents the positive relationship. Four is 
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associated with the strongly agree response and for those teachers who rated themselves 
above a 3.2 in use of HDT principles, students math scores dropped. In particular, the 
teacher with the highest HDT score (3.67) has significantly lower mathematics scores due to 
special needs of the classroom (learning support). 
Several factors may account for the few particular cases of higher self-ratings of HDT 
use which do not yield the expected higher student mathematics scores (besides the special 
needs class). Trends from the Teacher Self-Report analysis indicate that teachers who took 
higher-level mathematics content courses in a teacher preparation program also rated 
themselves as less confident in their use of HDT principles. The teachers who took lower-
level mathematics courses to prepare for teaching rated themselves as strongly using the 
HDT principles especially as related to confidence in their own teaching of mathematics 
content. This suggests that in some cases, self-efficacy may play a role in self-reporting as 
the idea of “self-believers” thrive in this type of measure  (Bandura, 1997). In this case, the 
trend suggests that teachers, who had more postitive experiences in mathematics, had more 
opportunities to be exposed to successes and failures and to understand what they know and 
what they may not know in mathematics lending to more accurate self-reporting in content 
knowledge confidence. Reisman’s (1993) findings suggest a similar indication of an inverse 
relationship between teachers’ self-rating of mathematics content knowledge as measured in 
a Semantic Differential and actual content knowledge as measured in a multiple strand 
content knowledge assessment (Sequential Assessment of Mathematics Inventory). In other 
words, those teachers who rated themselves highest in math content knowledge, scored 
lowest in content tests. This may account for the teachers who rated themselves 4 (strongly 
agree) as those with the lower student class-wide mathematics scores, and the reason that 3.2 
reflects the point in which the positive correlation begins to curve in a negative direction. 
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5.4 Recommendations for Future Research  
 There are interesting themes that have emerged as a result of this research study. The 
results of this study indicate that teachers do identify student creativity characteristics that are 
positive, rather than negative, and those that exhibit a social rather than withdrawn student. If 
teachers do not identify students creativity, then creativity cannot be fostered which is 
critical because creativity may be an important predictor of success and is thought to play a 
role in intelligence, in particular in the way individuals adapt in new situations and figure 
things out (Sternberg, 1997). Sternberg also points out (1997) that creativity for many is a 
preferred style of learning and needs to be acknowledged in the classroom for success to 
occur for many students. The use of HDT teaching principles and teachers overall score on 
the TTCT figural did not provide significant results on their identification of creative 
characteristics. This supports the idea that if creativity is going to be identified by teachers, 
they need to understand and learn about creativity. The significant results found on the 
creative strengths portion of TTCT in richness of imagery and movement is a point for 
further research because these may be particular creative strengths of teachers that play a role 
in the identification of creative students. Also, according to this study, creativity in a school-
wide setting would seem to support the idea of context mentioned earlier where teachers have 
a shared value about creativity and its application.  
 Additionally, the goal of the researcher would be to explore creativity factors that 
affect student mathematics content knowledge. Future research in this area would include a 
larger sample size of teachers to take the self-report in order to assess factors that affect 
student mathematics scores and identification of student creativity.  
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5.5 Chapter Summary 
 
Teachers in this study who self-reported to use the HDT principles also were able to 
identify the generic influences on learning in their students. Interestingly, the same teachers 
who used HDT principles could not significantly identify the creativity characteristics in their 
students, which may be explained by a lack of knowledge about the creativity characteristics. 
Teachers who were high in figural creativity were no more able to identify creativity 
characteristic than low or moderately creative teachers. The findings in this study clearly 
indicate that teachers do not have an awareness of the vast forms and representations 
(characteristics) both positive and negative that are indicative of creativity in their students. 
Interestingly, there are indications that teachers share some ideas about creativity in similar 
contexts and settings. 
Finally, for the ten teachers who reported using the HDT principles in this phase of 
the study, a positive relationship was discovered between their use of HDT principles and 
students mathematics scores. The positive relationship between the two factors (HDT and 
Student Mathematics Scores) was expected and the low mathematics scores that correspond 
to the teacher with the highest HDT use represents a class with special learning needs 
(academically challenged in mathematics). A strand analysis that was explored demonstrated 
interesting findings that teachers who reported to use HDT principles (HDT item #3) also had 
students with success in certain mathematics subtest strand scores.  
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Appendix A: Teacher Self Report 
 
 
 
 
To: Participating Teachers 
 
From: Louise A. Whitelaw 
 
Re: Dissertation Research 
 
This self-report is to gather data for my dissertation research. I appreciate your contribution 
to the field of teaching mathematics. Your participation in this study is voluntary. Please 
proceed to the next page of the self-report. 
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Teacher Self-Report 
Please answer the following questions based on your experience as a teacher. If you have any additional comments, please 
feel free to make them on the reverse side of this page. Please do not include any identifying information on this survey. 
Again, thank you for your time. Please circle the most appropriate response: 
 
Please indicate below the frequency with which you do the following: 
1. I learn a lot about my students from parent/guardian contact. 
  Never      Always 
      1  2          3       4 
  
2. If a child does poorly in mathematics for an extended period of time, I firmly tell the student that s(he) must more time 
into mathematics. 
  Never      Always 
      1  2          3       4  
3. When I discover mathematics weaknesses in certain students after an assessment is given, I incorporate this information 
into my instruction. 
 
  Never      Always 
      1  2          3       4  
4. I deal with students emotional problems first because they might affect their learning. 
 
  Never      Always 
      1  2          3       4  
5. I work at continuing to develop my mathematics knowledge. 
 
  Never      Always 
      1  2          3       4  
6. If a child does poorly in mathematics for an extended period of time, I conduct a diagnostic test to find out the problem 
s(he) is having. 
  Never      Always 
      1  2          3       4  
 
Please indicate below the extent to which you agree with the following statements. 
7. I am able to identify students in my class who do not pay attention to details. 
 
Strongly Disagree          Strongly Agree 
      1  2          3       4 
 
8. I am able to identify students who are creative, because they tend to be the non-conformists in the class. 
 
Strongly Disagree          Strongly Agree 
      1  2          3       4 
9. I know my students learning strengths. 
 
Strongly Disagree          Strongly Agree 
      1  2          3       4 
 
10. I believe creative students are well-behaved at school. 
 
Strongly Disagree          Strongly Agree 
      1  2          3       4 
 
11. I have a breadth of knowledge and understanding of the mathematics that I teach. 
 
Strongly Disagree          Strongly Agree 
      1  2          3       4 
 
12. I believe teacher often perceive creative students as behavior problems. 
 
Strongly Disagree          Strongly Agree 
      1  2          3       4 
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13. I am able to identify students in my class who use diplomacy to relate to others. 
 
Strongly Disagree          Strongly Agree 
      1  2          3       4 
 
14. I am able to identify students in my class who understand anothers point of view. 
 
Strongly Disagree          Strongly Agree 
      1  2          3       4 
 
15. I am able to identify students in my class who have empathy for others. 
 
Strongly Disagree          Strongly Agree 
      1  2          3       4 
 
16. Indicate with a check mark characteristics that are consistent with creative students: 
 ___ sincere ___ persistent  ___ sensitive to problems ___ irresponsible  ___ill-behaved  
 ___ insincere ___ takes risks ___ can elaborate  ___low energy   ___insensitive 
___ responsible ___  many ideas ___ high energy  ___well-behaved  ___shy 
 
 
________________________________________________________________________ 
 
Background Information: 
Yes/No  I am an Instructional I/II certified teacher in the state of Pennsylvania. 
 
Yes/No  I have taken a college-level mathematics course.  
  Please check all that apply. 
  _______College Algebra 
  _______Trigonometry 
  _______Basic Mathematics 
  _______Math Fundamentals 
  _______Analysis 
  _______Finite Mathematics 
  _______Pre-Calculus 
  _______Calculus 
  _______Mathematics for Elementary Teachers 
  _______Other__________ 
Yes/No  ______Have you passed all college-level mathematics courses? 
  _______ Course(s) failed _____________________________ 
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Appendix B: The Generic Influences on Learning 
  
The Cognitive influences on learning include the following (Reisman and 
Kauffman, 1980, p.3):  
• Rate Amount of Learning compared to age - refers to the length of time taken 
to learn a given amount of material in relationship to other members of a 
similar age group 
 
• Speed of learning related to specific content - involves consideration of a 
student's strengths and weaknesses in particular learning tasks such as verbal 
comprehension (e.g., reading and listening), perceptual organization (e.g., 
puzzles, geometry spelling), numerical reasoning (e.g., mathematics) 
 
• Ability to retain information - refers to tasks that utilize memory such as 
repeating digits, obeying simple commands, role counting, or naming the days 
of the week 
 
• Need for repetition - refers to the amount of practice necessary for mastery. 
Verbal Skills involve tasks such as comprehending and producing written and 
spoken words and sentences. 
 
• Verbal skills- Number of ways that students use vocabulary. 
 
• Ability to learn symbol system and arbitrary associations - refers to 
communication of thoughts through a conventional system of signs or 
symbols that simultaneously are understood by the sender and the receiver. 
 
• Size of vocabulary compared to peers - refers to the number of words that a 
student understands and uses. 
 
• Ability to form relationships, concepts, and generalization - refers to the 
psychological nature of the content that is being learned. 
 
• Ability to attend to the salient aspects of a situation- refers to the ability to 
notice the important and most relevant aspect(s) or attribute(s) of a situation 
and simultaneously disregard extraneous cues; the ability to attend to detail 
and to differentiate the essential from the nonessential (e.g., to select the 
attribute of thickness of blocks when give blocks of various color, shape, size, 
and thickness when asked to pick out the thinner blocks). 
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• Use of problem-solving strategies - refers to a systematic organized approach 
to tasks as compared to those who flounder randomly never moving beyond a 
trial and error approach 
 
• Ability to make decisions and judgments -involves recognizing salient aspects 
of a situation, using important information given, being aware of missing 
information, abstracting essential from nonessential details, evaluating 
relationships embedded in a situation, and making choices among alternatives 
 
• Ability to draw inferences and conclusions and to hypothesize - involves 
generating a set of possible alternatives, dealing with future ideas, and making 
judgments according to a set of criteria 
 
• Ability in general to abstract and cope with complexity- includes classifying 
objects or ideas, finding logical relationships or analogies, performing simple 
operations of logical deductions, and using similes and metaphors. 
 
 
The Psychomotor influences (or motor effects on mental processes) on learning include 
(Reisman and Kauffman, 1980, p.20): 
 
• Visual perception - involves the child's understanding the world through 
visual experience -- through what he or she sees 
 
• Visual discrimination - refers to the ability to perceive the difference between 
two similar visual symbols (e.g., + and X, - and  6 and 9. [] and ; 3 and E; 
and E). 
 
• Visual field dependence/field dependence - refers to the ability to separate 
figure from the background, i.e., to screen out irrelevant visual stimuli 
 
• Visual form constancy - involves the ability to recognize a visual stimulus 
when it appears in different spatial positions on is slightly different forms 
(e.g., the digit 5 placed around the classroom in different size of color 
representations). 
 
• Visual sequential memory - Memory involves the ability to process or recall a 
series of visual stimuli in sequential memory (e.g. saying alphabet of digits 0-
9 in a counting order) 
 
• Auditory perception - involves the child's understanding the world through 
auditory experience -- through what he or she hears. 
 
• Auditory discrimination- refers to the ability to perceive the difference 
between two similar auditory symbols (e.g., child with a problem in this area 
might draw hair instead of a chair, or child gets in instead of on a box). 
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• Auditory field dependence/field independence - refers to the ability to screen 
out irrelevant auditory stimuli and focus upon the primary auditory message 
(e.g., child with a problem in this area cannot concentrate on what teacher is 
saying in the classroom because of noises outside). 
 
• Auditory form constancy - is the ability to recognize sounds spoken by 
different people or presented in different environments (e.g., recognizing the 
sound of a train on a recording, understanding language when spoken with a 
dialect different from what the student is accustomed to). 
 
• Auditory-sequential memory- involves the ability to process or recall a series 
of auditory events in order (e.g., repeat telephone number, retell a story, name 
the days of the week in order). 
 
• Ability to form rules (phonological, morphological, syntactical, semantic) - 
involves interpretation and expression of combinations of sounds inflectional 
endings, word order, and word meaning 
 
The Physical and sensory factors that influence learning are (Reisman and Kauffman, 1980, 
p30-33): 
 
• Physical impairments - include cardiac conditions, diabetes, epilepsy, 
rheumatic fever cerebral palsy, muscular dystrophy, etc. 
 
• Low vitality and fatigue- may result from chronic medical problems and from 
effects of medication. 
 
• Sensory limitation- includes blindness and hearing and speech impairment 
 
 
Emotional factors that influence learning (Reisman, 1980) include: 
 
• Feeling Afraid, Anxious, Frustrated, Joyous, Angry, Surprised - involves 
conscious experience that can be communicated to another person. 
 
• Becoming Overly Upset, Moody, Sad, Happy - represents extremes of 
emotion that one learns to control under normative development. 
 
 
 
 
Social factors that influence learning (Reisman and Kauffman, 1980, p. 37) include: 
 
• Rules of conduct, moral codes, values, customs - involve being able to relate 
well to peers and adults. 
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• Modeling others' behavior- can be positive if acceptable behavior is modeled 
 
• Being aware of cues in the environment- involves knowing when to quiet 
down, when to speak up, responding appropriately to others behavior 
 
• Relating to and interacting with other people- includes cooperation and 
consideration. 
• Using diplomacy- includes tactfulness 
 
• Understanding Another's Point of View and Empathizing- includes having an 
emotional as well as a cognitive view of another's needs. 
 
• Enjoying company of others 
 
• Including the desires and intentions of others in ones decisions 
 
• Accepting needed help, forming a balance between autonomy and dependency 
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Appendix C: NCTM Focal Points by Grade (Grades 3-8 Mathematics) 
 
Grade 3 Curriculum Focal Points 
 
• Number and Operations and Algebra: Developing understandings of multiplication 
and division and strategies for basic multiplication facts and related division facts 
 
• Number and Operations: Developing an understanding of fractions and fraction 
Equivalence 
 
• Geometry: Describing and analyzing properties of two-dimensional shape 
 
Grade 4 Curriculum Focal Points 
• Number and Operations and Algebra: Developing quick recall of multiplication facts 
and related division facts and fluency with whole number multiplication 
 
• Number and Operations: Developing an understanding of decimals, including the 
connections between fractions and decimals 
 
• Measurement: Developing an understanding of area and determining the areas of two-
dimensional shapes 
 
Grade 5 Curriculum Focal Points 
 
• Number and Operations and Algebra: Developing an understanding of and fluency 
with division of whole numbers 
 
• Number and Operations: Developing an understanding of and fluency with addition 
and subtraction of fractions and decimals 
 
• Geometry and Measurement and Algebra: Describing three-dimensional shapes and 
analyzing their properties, including volume and surface area 
 
Grade 6 Curriculum Focal Points 
 
• Number and Operations: Developing an understanding of and fluency with 
multiplication and division of fractions and decimals 
 
• Number and Operations: Connecting ratio and rate to multiplication and division 
 
• Algebra: Writing, interpreting, and using mathematical expressions and equations 
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Grade 7 Curriculum Focal Points 
 
• Number and Operations and Algebra and Geometry: Developing an understanding of 
and applying proportionality, including similarity 
 
• Measurement and Geometry and Algebra: Developing an understanding of and using 
formulas to determine surface areas and volumes of three-dimensional shapes 
 
• Number and Operations and Algebra: Developing an understanding of operations on 
all rational numbers and solving linear equations 
 
Grade 8 Curriculum Focal Points 
 
• Algebra: Analyzing and representing linear functions and solving linear equations and 
systems of linear equations 
 
• Geometry and Measurement: Analyzing two- and three-dimensional space and 
figures by using distance and angle 
 
• Data Analysis and Number and Operations and Algebra: Analyzing and summarizing 
data sets 
 
(NCTM Focal Points, 2006) 
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